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INTRODUCTION
Virulent group A beta hemolytic streptococci are coated with
proteins which are antiphagocytic and impart their type-specificity
(Lancefield, 1954).

Interest in these M-proteins derives from the fact

that immunity to group A streptococcal infection is type-specific.
Animal and epidemiological studies have shown that the humoral response directed against M-protein of a particular type protects against
infection with that type; it promotes phagocytosis (McCarthy, 1954;
Lancefield, 1962; Fox, 1974).

The humoral response to other cellular

components offers no protection to the host.

Thus, M-protein is dis-

tinguished from other streptococcal components in that the preparation
of a vaccine necessitates an understanding and use of this main virulence factor.
Streptococcal vaccine development has not always focused on the
M-protein.

After Gabritschewsky immunized thousands of school age

children with a streptococcal vaccine and reported a decrease in the
incidence of scarlet fever in the immunized group, many investigators
tried to induce immunity to the Dick toxin (Dick and Dick, 1924; Jackson, 1941).

Other investigators used polyvalent whole cell vaccines in

a shot gun type of approach (Bloomfeld and Felty, 1923).

Several

groups even injected whole streptococcal cells intravenously into
children with rheumatic fever in attempts to desensiti2e them to the
streptococcus (Wilson and Swift, 1931; Swift, Hitchcock, Derick, and
McEwin, 1931; Collins and Sheldon, 1932).

These studies point out how

little was known about the streptococcus, and about immunology and vaccine development in general.

It was only after the pioneering work of
1

2
Lancefield that meaningful studies were initiated.
The problem of developing a streptococcal vaccine has been recognized and investigated in the light of Lancefield's contributions for
decades.

Yet the realization of a safe and effective vaccine bas not

been possible to date.

This lack of success derives from three prob-

lems in this area of research, which together have been difficult to
solve.

The first and most difficult to solve is the nature of M-protein

itself.

The second and most critical problem is the danger of injecting

toxic streptococcal components along with M-protein.

Certain strepto-

coccal antigens exhibit cross reactivity with human tissues (most importantly heart and kidney).
antigens.
eties.

Man is hyperimmune to other streptococcal

Any vaccine must be safe and, hence, free of such toxic moi-

The third problem deals with effectiveness.

Results of clin-

ical trials have indicated that vaccines prepared to date are of little
value.

These problems are considered individually below in light of

the goals of this laboratory.
I.

The Nature of M-protein.
In 1928 while working on the problem of the streptococcal car-

bohydrates Lancefield discovered that the M antigen of group A streptococci was not destroyed after being heated in dilute acid (Lancefield, 1928).

She also noted shortly thereafter that theM antigens

were type-specific and protein in nature.

(Certain antigenic sites

reside on each M-protein type that are unique to that type.

The humor-

al response directed against these unique sites is the type-specific
response.)

Subsequently, the hot acid extraction of whole organisms

by heating them at 95 C in saline acidified to pH 2.0 enabled investi-
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gators to obtain M-protein free of most of the cellular debris in one
step.

In 1952 Lancefield and Perlmann incorporated ammonium sulfate

fractionation and treatment with RNase into the hot acid extraction
procedure, and the ease of obtaining M-protein by this method made
it very popular.

Early studies by other groups concentrated on ob-

taining M-protein free of group A carbohydrate and nucleic acid.
As work progressed, however, it became clear that M-proteins
extracted by the classical hot acid method of Lancefield and Perlmann
appeared to be heterogeneous as evidenced by a multiple banding pattern
in straight polyacrylamide gel electrophoresis (PAGE) (Straus and
Lange, 1974).

These multiple bands

exhibit antigenic activity.

however~

have all been shown to

This was first demonstrated

~ith

types 12,

14, and 24 by Fox and Wittner (1965) who stated that H-proteins probably belong to families of proteins.

Evidence was presented by Straus

and Lange (1976) to extend this concept to include

se~en

other types.

Enthusiasm for the hot acid procedure is not shared by all investigators.

Some believe the native

M~protein

is indiscriminately

fragmented by this procedure making interpretation of data difficult.
Now the inherent heterogeneity of M-protein is observed even when it is
extracted by relatively innocuous means as with a nonfonic detergent
(Fischetti, Gotschlich, Siviglia, and Zabriskie, 1976; Zmuda and Lange,
unpublished).

Thus, this heterogeneity would not appear to derive from

the method of extraction.

In fact, labelling studies have shown that

fragmentation during extraction can not account for the heterogeneity,
and results of pulse chase experiments indicate that H-protein molecules, after completion, are subsequently crosslinked on the cell wall,
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generating multiple molecular forms (Fischetti, 1980).
A variety of agents have been used in attempts to extract homogeneous M-preparations including alkalai (Fox and Wittner, 1969), sonication (Havlicek, 1975), phage-associated-lysin (Krause. 1958; Kantor
and Cole, 1960; Kuhnemund, Havlicek, and Kohler, 1978), guanidine (Russel and Facklam, 1975), cyanogen bromide (Vosti and Williams, 1978),and,
as mentioned above, nonionic detergent.

A whole variety of purification

schemes have been used in conjunction with these extraction procedures
and with the hot acid procedure of Lancefield.

These have included the

technics of ammonium sulfate fractionation (Lancefield and Perlmann,
1952; Pierce, 1964; Straus and Lange, 1972, 1976), pH fractionation
(Noble and Moody, 1970), carboxymethyl cellulose (eM-cellulose) chromatography (Fox, 1964; Fox and Grossman, 1969; Fox and 1"ittner, 1965,
1968a, 1968b; Hirata and Terasaki, 1970; Straus and Lange, 1972), diethylaminoethyl cellulose (DEAE-cellulose) chromatography (Lange, Lee,
and Merdinger, 1969), combined DEAE and CM-cellulose chromatography
(Straus, Metha, and Lange, 1974), DEAE-Sephadex chromatography and gel
filtration on Sephadex (Beachey, Alberti, and Stollerman, 1969), and
chromatography on hydroxyapatite columns (Johnson and Vosti, 1968;
Vosti, Johnson, and Dillon, 1971; Vosti, 1978; Vosti and Williams,
1978).

All attempts to obtain homogeneous M-preparations employing

the above procedures, however, have been unsuccessful.

Fischetti et al.

(1976) claimed to have isolated an homogeneous M 6 preparation with a
molecular weight of 35,000 from nonionic detergent extracts of streptococcal cell walls employing eM-cellulose chromatography followed by
gel filtration on Sephadex G-200 and G-100.

In fact, hovever, several
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bands were present in the SDS-PAGGE analysis of this 'homogeneous,.
preparation.

Russel and Facklam (1975) reported to have obtained an

M 12 preparation homogeneous in SDS-PAGE by extraction of cell walls
with guanidine and subsequent purification of the extract by ammonium
sulfate fractionation, pH 5 fractionation, and hydroxyapatite column
chromatography.

Nevertheless, this preparation was found to be poly-

disperse in another PAGE system.

Johnson and Vosti (1968) claimed to

have isolated two homogeneous M 12 fractions by ammonium sulfate fractionation and subsequent hydroxyapatite column chromatography of hot
acid extracts.

This homogeneity,

however~

was demonstrated in only one

PAGE system, and this work did not agree with the early work of Fox and
Wittner (1965) or of this lab (Straus and

Lange~

1974).

Subsequently,

Vosti, Johnson, and Dillon (1971) showed that these fractions contained
several bands in SDS-PAGE analysis.

Employing DEAE-cellulose column

chromatography of Lancefield extracts, Lange,

Lee~

and Merdinger (1969)

reported isolating an M 12 preparation homogeneous in electrophoretic
and ultracentrifugal analysis.

This preparation was not evaluated in

SDS-PAGE, however, which appears to be necessary.

Subse~uently~

(Straus, Metha, and Lange, 1974) employed combined DEAE-cellulose and
CM-cellulose column chromatography of Lancefield extracts of M-types
1, 12, and 29.

Their purified M-proteins were polydisperse in straight

PAGE and exhibited two bands in SDS-PAGE corresponding to molecular
weights of 30,000 and 23,000.

Thus, M-protein has remained (stubbornly)

heterogeneous, and the lack of success in solving this problem has
prohibited (until recently) structural and other necessary studies from
proceeding.

(Prior to the initiation of this work in 1976 the only
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sequencing data available on M-proteins was the tentative identification of the first seven N-terminal amino acids for M-type 12 [Straus
and Lange, 1976]).
In 1974 Straus, Metha, and Lange reported that the TCA precipitation of Lancefield extracts yields preparations homogeneous in
straight PAGE and in SDS-PAGE with one N-terminal amino acid.

This

report represents a major breakthrough in a longstanding problem and is
currently being followed up in this lab.

Unfortunately. the signifi-

cance of this work has not been recognized by other investigators in
the field.

In 1975 Cunningham and Beachey isolated an apparently homo-

geneous preparation of alkaline extracted M 24 by isoelectric focusing.
Moreover, this M-protein fraction was found to be free of non-typespecific immunotoxic properties in guinea pigs and in man.

This prep-

aration did not prove to be immunogenic, however, and Beachey's group
has since concentrated its efforts on another procedure which they have
developed and which has proved to be a major contribution to the
field.

Beachey, Campbell, and Ofek (1974) discovered that the extrac-

tion of whole streptococcal cells with pepsin at a suboptimal pH allowed for the recovery, after several purification steps, of a homogeneous M-protein preparation in high yield.

This breakthrough has

allowed structural studies to begin, and they are nov proceeding rapidly (Beachey, Seyer, and Kang, 1978, 1980a, 1980b; Manjula and Fischetti,
1980a, 1980b).
II.

Toxic moieties.
Markowitz and Lange (1964) were the first to suggest a possible

mechanism for rheumatic heart disease and one form of acute glornerulo-
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nephritis (AGN) implicating streptococcal antigens that cross react
with human tissue.

Lange and Markowitz (1969) presented further

evidence that the streptococcal cell membrane (SCM) contained antigens
similiar to hurnan transplantation antigens.

This early work on the

immunopathology of these post streptococcal sequelae alerted those
working on streptococcal vaccines of the possible harmful effects of
injecting certain streptococcal components into humans.

The exact

nature and location (wall, membrane, or cytoplasm) of these cross reacting components in the streptococcus, however, as well as the immunopathological mechanisms whereby they induce tissue damage have been
and remain controversial issues (Blue and Lange,

197~s

1976a, 1976b;

Lange, 1973a; Dixon, 1968; Cochrane and Koffler, 1973; Kaplan, 1963,
1964; van de Rijn, Zabriskie, and McCarthy, 1977).

McCarthy (1980) of-

fers some (possible) explanation for the confusion.
It was subsequently recognized that man became hyperimmune to
antigens that are associated with M-protein and shared by many seratypes (non-type-specific M-associated antigens).

Fox~

Wittner, and

Dorfman (1966) showed that 1 ug intracutaneous doses of their highly
purified M-protein preparations (which they used in clinical trials)
produced delayed reactions in the great majority of their adult volunteers compared to only 8% of infants under 3 years of age.

Ninety-

eight percent of the adult group exhibited either cutaneous hypersensitivity to these preparations or antibody detectable by a passive hemagglutination procedure.

In contrast, only 29% of the infant group was

positive in both respects.

These results, as well as the results of

studies performed by Beachey and Stollerman (1971, 1973) demonstrate
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that man becomes hyperimmune to common streptococcal antigens as a
result of recurring infections.

Direct evidence for these cross re-

acting antigens shared by serotypes has also been obtained (Fox and
1vittner, 1968; Wittner, 1976).

This hyperimmunity accounts for the

toxic nature of streptococcal vaccines (Beachey and Stollerman, 1971,

1973).

(Some of the common antigens shared by different serotypes may

also cross react with human tissues.)

Accordingly, considerable effort

has been devoted to identifying and characterizing such antigens.

These

include the NTSM (non-type-specific M) antigens of Reachey's group at
the University of Tennessee which are protein and lipoteichoic acid in
nature (Beachey and Stollerman, 1972; Beachey, Ofek, and Bisno, 1973),
and the MAP (M-associated protein) antigens of Widdowson, Maxted, and
Pinney (1971).

Pachman and Fox (1970) also reported that teichoic acids

contribute to the cross reactivity between serotypes.

These antigens

account for the toxic effects of M vaccines on platelets and leukocytes
in. human blood (Beachey and Stollerman, 1971).

Beachey and Stollerman

(1972) have also speculated that a potent endotoxin like NTSM may play
a role in the pathogenesis of streptococcal diseases

~ecause

munological cross reactivity with host cell membranes.

of its im-

Similarly, Wid-

dowson (1980) feels that the MAP type I they have studied may be important in the pathogenesis of rheumatic heart disease because of suggested similarities of antibodies to MAP type I and heart reactive antibodies (HRA).

It might be quickly interjected by some at this point

that Fox and Grossman (1969) found no heart reactive antibodies by
indirect immunofluorescence in the sera of rabbits or human infants immunized with their M-protein vaccines.

Furthermore, it is very
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possible that heart damage in rheumatic fever may be mediated by cells
(Yang, Sopray, Wittner and Fox, 1977).
The problem of isolating the type-specific M-proteins free of all
deleterious antigens has presented an equally difficult challenge to
investigators as the heterogeneity problem.

Conventional separation

procedures have seemed to be inadequate to separate the two.

Widdowson

et al. (1971) found that the purification of M proteins from acid extracts of M-types 5, 24, and 30 by ammonium sulfate fractionation and
eM-cellulose chromatography resulted in an approximately 30-fold increase in the specific activities of both type-specific
ated proteins.

and M-associ-

Others observed similar increases in the "cross-re-

active" moieties of M-proteins by similar purification procedures
(Beachey, Alberti, and Stollerman, 1964; Anthony, 1970).
The observation that the type-specific and cross reacting moieties
copurified suggested that they might be on the same molecule and led
Beachey's group and our lab to undertake the use of proteolytic enzymes to separate the two.

Actually, it was the original observation

of Lancefield (1943) that proteolytic enzymes destroy the nontypespecific antigens more rapidly than the type-specific antigens under
suboptimal conditions which suggested such an approach.
and Dorfman (1966) also observed that M-protein partially

Fox~

Wittner

~egraded

with trypsin induced only minimal cutaneous reactions in hypersensitive adults, but still retained most of the antigenic specificity when
assayed in vitro and in vivo.

Beachey, Campbell and Ofek (1974) chose

to use pepsin at a suboptimal pH.

This preliminary work led to the

successful isolation of an M 24 preparation free of cros3 reacting or
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toxic material with a molecular weight of 35,000 (PEP M 24) (Beachey,
Stollerman, Chiang, Chiang, Seyer, and Kang, 1977).

Lange, whose work

has not yet progressed to the same stages the Tennessee group has
reached, initially chose to use trypsin with Lancefield extracts and
TCA precipitated Lancefield extracts (Lange and

Zmuda~

1978).

Ad-

mittedly, this enzyme digests the protein into smaller fragments, but
the work is directed towards the isolation of antigenic peptides.

If

peptides containing the type-specific antigenic sites can be isolated,
free of toxic material, a safe vaccine employing these peptides
attached to innocuous carrier molecules may be produced.

The decision

to use trypsin was predicated on the assumption that antigenic sites on
M-protein are determined primarily by primary structure.

This assump-

tion is derived in turn from the property of M-protein to survive the
hot acid treatment.
The pepsin extraction procedure has appeared to be especially useful.

Not only was a homogeneous preparation obtained in high yield,

but it was found to be free of the moieties causing the byperimmune
reactions heretofore observed with vaccine preparations.

These pepsin

extracted M-proteins were found to inhibit type-specific opsonization
of homologous group A streptococci and were capable of tnducing typespecific opsonic M antibody in rabbits.

It thus appeared that the

Tennessee group was on the right track.

The once high hopes for this

approach may have been dashed, however by the realization that PEP M
vaccine preparations were ineffective in clinical tratls (Fischetti,
1978.

Personal communication as relayed to Dr. Lange.)
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III.

The problem of effectiveness.
The fact that the PEP M vaccine fared no better in clinical

trials than previous vaccines was not a surprise for Lange.
objected strongly to the use of PEP M vaccines because the

He has
N terminal

piece of the M-protein molecule, a fragment apparently differing in
size for the different M-types 7 is removed by pepsin under the conditions employed in this procedure (Manjula and Fischetti, 1980).

The

whole problem of developing a streptococcal vaccine could only be
solved, thus, by a thorough understanding of the role the N terminus
plays in imparting type-specificity.
Accordingly, the portion of the M-protein

dis~arded

by the Tennes-

see group in their vaccine development, theN terminal region, is the
portion critical for the development of an effective vaccine.
fore, a reconsideration of the entire problem is required.

There-

If PEP M

vaccines indeed prove to be of no value, work in this laboratory on TCA
precipitated M-proteins may prove to be of considerable importance.
Work in progress on the isolation of peptides containing the typespecific antigenic sites may lead to the development of a safe, synthetic vaccine.

Indeed, Lange's interpretation of the problem differs

radically from the view of Beachey.

The latter showed that the type-

specific antiphagocytic determinant of the type 24 M-protein antigen
is composed of repeating covalent structures (Beachey. Seyer, and Kang,
1978).

This work suggested that the antiphagocytic determinant resided

in a repeating amino acid sequence in the M-protein molecule.

Further

work revealed that the pepsin extracted M 24 molecule contains at least
two distinct opsonic antigenic determinants, each of which is capable
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of raising type-specific protective antibodies against group A streptococci (Beachey, Seyer, and Kang, 1980b).

This group has suggested

the concept of a ''holoantigen" to describe M-protein.
mean that any part of the antigen may be capable of

By this they

produ~ing

pro-

tective antibodies against the whole streptococcus if the particular
structure of the molecule is exposed on the surfaces of the virulent
organisms .

Thus, a stark contrast is apparent.

A complete re-examination of the problem requires one more consideration.

That is, the ineffectiveness of previous

vac~ines

may be

related to the way in which the vaccines '1.-lere administered and not to
the preparations themselves.

The importance of local factors in immunity

to infection has been recognized for some time.

This

clearly demonstrated with polio virus vaccines.

The fact that serum

was~

for example,

bactericidal antibodies correlate so well with immunity to streptococcal infection has perhaps obscured the importance of local factors
in immunity to the streptococcus.

This was pointed out in a study by

D'Alessandri et al. (1978) who showed that an aerosol

vac~ine

seemed

to induce some protection against streptococcal infection compared to
no real protection from parenteral injection.
IV.

Other problems.
To those unfamiliar with the field of M-protein research certain

other considerations may have appeared more obvious.
should be immunized with streptococcal vaccines?
factors responsible for sequelae?

l~o.

for example,

Are there any host

And since streptococcal infections

are so well controlled with antibiotics, is there a need that justifies
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the enormous efforts and astronomical costs involved in development?
Besides, there are over sixty serotypes, and if immunity is typespecific what serotypes must be included in the vaccines!
should clinical trials be conducted?
vaccines be safely evaluated?

How, too,

And how can the effectiveness of

Surprisingly, although cornplete answers

to all of the above questions are not presently available, what is
known makes these problems seem minor compared to the three unsolved
major problems.

Furthermore, a complete understanding of all of the

factors involved will not be possible until a safe vaccine can be
developed.
Briefly, the great majority of infections with :t-1-containing
strains are currently limited to a few serotypes
As

(Stollerman~

1967).

to which types can be rheumatogenic, this is currently an un-

settled issue (Bisno, 1980).

Some believe all strains are involved.

Others have collected a substantial body of

epidemiologi~al

indicate that there are rheumatogenic strains.

Nonetheless~

data to
since

genetically determined host factors do seem to be equally irnportant
in the development of RF (as well as AGN) as the infecting type,
(Lange, 1975; Zabriskie, 1976; Patarroyo,

~

al., 1980) it seems

that a vaccine whose design is against some of the more common seratypes would be extremely valuable as a first step.

Results of clinical

trials might then yield information about how to design a vaccine to
prevent RF and AGN (the nephritogenic strains have already been identified).

Thus, one day streptococcal vaccines could be ,tailor made" to

fit the varied needs of different groups of people in different parts
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of the world.

Since this achievement is now within our grasp, it

would be unconscionable to discontinue work towards this goal (See
Stollerman, 1980).

v.

The focus of this laboratory.
Subsequent to the demonstration of M-families by Fox and the develop-

ment of this concept by Straus and Lange (1974), the latter investigators demonstrated that ten different M-proteins extracted with hot
acid and purified by fractional precipitation with ammonium sulfate
yielded only one amino acid upon N terminal analyses

(1~76).

The C

terminal analyses of these same proteins yielded a while variety of
amino acids (Lange, Lee and Merdinger, 1969).

Collectively these data

support a suggestion of Lange et al. (1969) that the isolated "family
of M-proteins" may in part reflect various states of chain synthesis.
This idea was further supported by the finding that M-proteins precipitated with 60% TCA yielded a preparation homogeneous in PAGE that
yielded only one N terminal amino acid

(Straus~

Metha and Lange, 1974).

Evidence to show that treatment with 60% TCA completely removed all
amide nitrogen and cleaved the M-molecules to their smallest size was
also obtained (Straus and Lange, 1976).

Furthermore, Lange» et al.

(1969) and Straus, Metha and Lange (1974) demonstrated that M-proteins
purified by fractional precipitation with ammonium sulfate could be
fractionated by DEAE-cellulose and

~!-cellulose

ion exchange chromato-

graphy yielding protein preparations that were immunologically identical
with very similar amino acid compositions.

In fact, the amino acid com-

positions of these fractions varied mainly in so far as the number of

15
acidic and basic amino acids is concerned and by themselves further support the concept of a M-family.

Thus, Lange contends that it would be

advantageous from a practical standpoint, and even desirable if the significance of the N-terminus is considered, to work with what is collectively M-protein, as opposed to working with a highly purified fraction
of the total H-protein (Lange, personal communication).
In order to further test this hypothesis, and as part of a larger
project to identify antigenic peptides, tryptic peptide analyses of
three hot acid extracted H-proteins at various stages of purification
were initiated (Lange and Zmuda, 1978).

Peptide analyses of nonionic

detergent extracted H-protein type 12 was also undertaken.

The litera-

ture is replete with conflicting communications on the nature of streptococcal H-proteins.

Differences in molecular weights, electrophoretic

banding patterns, N-terminal amino acids, antigenicity, and immunogenicity can be found.

Part of the difficulty undoubtedly can be explained

by the whole variety of agents used to extract these molecules (see
above).

Unfortunately, the various extraction and purification schemes

usually have been used on different serotypes, and the differential
effects of the extraction and purification procedures on the characteristics of one H-protein type have not been studied.

The bulk of the

\vork undertaken in this dissertation was with H-protein type 12 extracted by the hot acid procedure or by the use of a nonionic detergent.

A thorough and necessary study comparing fractions of the same

M-protein type 12 extracted by the different methods was undertaken.

In

this study H-protein type 12 actually served as a model for the study of
the feasibility of Lange's hypothesis and for the study of other M-types.
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A second working hypothesis states that a comparison of peptide

analyses of different M-protein types, regardless of the manner of
purification, should reveal peptides common to different M-types and
peptides unique to each type which might represent type-specific antigenic sites (Straus and Lange, 1976; Lange and Zmuda, 1978).

Peptide

analyses of M-protein digests that have been passed over immunoadsorbent
columns prepared with type-specific antisera compared with analyses of
the total digests may reveal, by difference, such peptides containing
type-specific antigenic sites.

Ultimately, it may he possible to M-

type streptococci by tryptic peptide analyses of crude hot acid extracts.

MATERIALS AND METHODS
I.

Strains.
Cultures of S. pyogenes type 12 (strain Hektoen) and type 29

(strain 1759) were the same as those used in earlier studies in this
lab.

These were kindly provided by Dr. C. F. Lange, Loyola University

of Chicago.

Streptococcus pyogenes type 1 (strain SS-745) was obtained

from Dr. R. Facklam, Center for Disease Control (CDC), Atlanta. GA.
Stock cultures of each type were stored in Todd-Hewitt broth
supplemented with 0.6% yeast extract at -20 C.

The identity of each

type was confirmed routinely by capillary precipitin reactions with typespecific M antisera from CDC.

Typing was performed as follows.

Acid

extracts of streptococci were prepared from enriched Todd-Hewitt broth
cultures which were incubated at 35 to 37 C for 18 to 24 h.

The cultures

were centrifuged for 10 min at 900 x g, and the supernatant was discarded.
The sediments were resuspended in a small volume of 0.2 N HCL (prepared
in 0.9% saline).

The pH was adjusted to 1.5 with 0.2 N HCl using meta-

cresol purple indicator.
for 10 min;

The suspensions were placed in a boiling water

then centrifuged at 900 x g for 10 min.

was decanted into a clean tube.

The supernatant

The pH was adjusted to 7.6 to 8.2 with

0.2 N NaOH (prepared in deionized water), and the extract was recentrifuged.

A column of typing serum was drawn into a capillary tube, 0.7 mm

outside diameter, and the tube was wiped with a disposable viper (Kimwipes) to avoid carry-over of the serum to the extract.

An amount of

extract about equal to the serum column was drawn up into the tube.

The

tube was cleaned with a wiper, tilted to permit the serum extract column
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to move to the center of the tube, and placed in a plasticine rack so
that the serum was below the extract.

The tube was incubated at 37

C

for 2 h and examined against a bright light with a dark background.
Strong reactions were recorded at this time.

The tube was refrigerated

at 4 C overnight, and a final reading was made the next day.

A posi-

tive reaction was evidenced by a precipitate.
II.

Mouse passage.
Colony isolates of each type were passed in mice to enhance

virulence.

Tubes of sterile, enriched Todd-Hewitt broth were inoculated

with several drops of a recently thawed stock culture and allowed to
stand at 37 C overnight (16 h).

The organisms were pelleted by cen-

trifugation at 900 x g, and 0.5 ml of sterile mucin was added to each
tube.

Mice were injected intraperitoneally (IP) with this mixture,

each receiving the contents of one tube.

Six hours

later~

if the mice

were not dead, they were sacrificed, and their spleens were sterilely
removed.

Each spleen was placed in a sterile

one ml of sterile

~fucin,

homogenizer~

along with

and the contents thoroughly ground.

pension was then removed with a sterile tuberculin syringe.

The susOne-half

the volume of the suspension was injected IP into each of two mice, and
one drop was inoculated

onto a sheep blood agar plate (BAP) to deter-

mine if the organisms had been filtered by the spleen
whether or not the culture was pure.

an4~

if they had,

The IP injections of the organ-

isms were continued until the mice died within 6 h after inoculation.
When the mice died within 6 h, the spleens were removed and homogenized,
and the suspension was streaked on a BAP and incubated overnight at
37 C.

These organisms were then typed by the capillary precipitin
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test described above employing type-specific antisera from CDC.
III.

Growth of streptococci.
Streptococci were grown in Todd-Hewitt broth media supplemented

with 0.6% yeast extract.

One one-liter starter culture in a four-li-

ter transfer flask was incubated in the stationary position at 37 C
overnight.

This culture was then inoculated into a 14-liter Biokulture

Fermentor (Fermentation Design Inc., Allentown, PA), containing seven
liters of the above modified Todd-Hewitt broth.

The culture was aer-

ated with filtered compressed air at the rate of 2000 ml per min with
a gyration speed of 400 rpm for eight h.
10% dextrose and 8% NaHco

3

Then one liter of a sterile

solution was added to the culture and aer-

ation was decreased to 100 ml per min and the gyration speed was reduced to 200 rpm.
at 56 C for 1 h.

The cells were grown for 18 h and were heat killed
Plates streaked with this culture remained sterile,

indicating adequate killing.

The cells were harvested in a Sharples

centrifuge operating at 3,500 x g.
IV.

Isolation of cell walls.
Whole streptococcal cells were washed twice with saline and

three times with deionized water and were then resuspended in deionized water at a concentration of 10% wet weight by volume.

The 10%

suspension of cells was disrupted in a Gifford-Wood Eppenbach micromill by the use of glass beads, 0.1 rom in diameter.

~e

resultant

suspension was checked by phase contrast microscopy for the presence
of whole cells.

Cell walls were separated from membranes by differ-
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ential centrifugation in a Sorvall Superspeed RC2-B automatic refrigerated centrifuge equipped with a continuous flow apparatus.
first centrifugation was at 5,000 rpm.
a concentration of 10% in saline.

The

The pellet was resuspended at

A Sorvall Omni-Mixer was used to

resuspend the pellets in this phase of the work.

This suspension was

centrifuged at 2,000 rpm to remove any possible whole ce}_l contamination.

The resulting supernatant was then centriguged at 5,000 rpm,

resuspended at a concentration of 10% in saline, and centrifuged at
5,000 rpm.

This washing was repeated four more times to reduce

membrane contamination to a minimum.
deionized water.
V.

The final two washes were in

The were walls were stored frozen at -20 C.

Extraction of M-protein.
Type 1 and type 29 whole cells and type 12 cell valls were

extracted with hot acid.

Type 12 cell walls were also extracted with

a nonionic detergent.
A.

Hot acid method.

The hot acid method of Lancefield and

Perlmann (1952) was used to extract M-protein.
1.

Whole cells.

Cells were washed twice with saline and

three times with deionized water.

The washed cells were placed in

saline that had its pH adjusted to 2.0 with 1.0 N HCl (40 g of cells
wet weight per 100 ml of saline).

The cell suspension was placed in

a boiling water bath, stirred for 10 min, and then cooled in an ice
hath.

When the cell suspension had achieved room temperature, the

pH was adjusted to 7.0 with 1.0 N NaOH.

Centrifugation at 5,000 rpm

for 30 min in the Sorvall RC2-B centrifuge

(type GS-3 rotor)
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separated the cells, allowing for the decantation of the clear supernatant.

This hot acid extraction was performed three times.

RNase

(1.0 mg per 100 ml extract) was added to the combined extracts.

The

crude extract was then incubated at 37 C for 4 hours with stirring.
The extract was then dialysed against deionized water (with two daily
changes) for three days at 4 C, and then lyophilized.
2.

Cell walls.

RNase was added to a 10). suspension of

cell walls (1.0 mg per 100 ml suspension) in 0.1 M sodium phosphate
buffer, pH 7.0.
with stirring.

The suspension was incubated at 37 C for four hours
Centrifugation was then performed in the Sorvall

RC2-B at 8000 rpm for 30 minutes >vhich allowed for the recovery of
the cell walls.

A 20% suspension of walls in 0.1 M sodium phosphate

buffer, pH 7.0, 0.02% in sodium azide was made and homogenized in a
Sorvall Omni-Mixer, centrifuged at 8000 rpm, and the supernatant discarded.

This washing was repeated twice.

The walls were then sus-

pended in deionized water and dialysed against deionized water for
three days at 4 C (with two changes daily).

The walls were then

collected by centrifugation, washed twice with deionized water, and
extracted with hot acid as described above.
B.

Extraction with nonionic detergent.

Cell walls were extract-

ed with a nonionic detergent after Fischetti~ al. (1976).

Washed cell

walls were placed in a 1% solution of Emulphogene BC-720 (RAF Corporation, New York, NY) in 0.005 M sodium acetate buffer, pH 5.5, 0.02%
in sodium azide and stirred at room temperature for ll
wet weight of cell walls were.added to between 100

an~

~ours

(80 g

lOO ml of ex-
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tracting solution).

The cell wall suspension was centrifuged at 8,000

rpm to collect the extract, which was passed through Millipore 0.45
filters.

At least six extractions were made.

~

The extracts were di-

alysed in Spectrapor 3 membrane tubing (Spectrum Medical Industries,
Inc., Los Angeles, CA) against 0.005

}I

sodium acetate buffer, pH 5.5,

0.02% in sodium azide for 3 days (with two changes daily).

Carboxy-

methyl cellulose columo chromatography (below) was used to purify the
M-protein and to get rid of the detergent.
C.

Extraction of the nonionic detergent extracted M 12 cell

walls with pepsin at a suboptimal pH.

The cell walls that had been

extracted with Emulphogene BC-720 were washed five times with 0.9%
saline and five times with 0.067 M phosphate buffer. pH 5.8.
walls were then

extract~d

The

with pepsin (0.02 mg per ml in the phosphate

buffer) after Beachey et al. (1974).

The extract was dialysed

against deionized water as above and lyophilized.
VI.

Purification of M-protein.
Purification of hot acid extracted M-protein was achieved by

fractional precipitation with ammonium sulphate and either ion exchange
chromatography or TCA treatment.

Trichloroacetic acid treated H 12

was chromatographed on DEAE cellulose.

Nonionic detergent extracted

M 12 was purified by chromatography on CM cellulose chromatography.
Gel filtration employing Sephadex (Pharmacia Fine

Chemicals~

Piscatas-

away, NJ) was used to further purify both hot acid extracted M-proteins
and nonionic detergent extracted M-protein.
A.

Ammonium sulphate fractionation.

The lyophylized hot acid

extracts were dissolved in 0.1 M NH Hco at a concentration of 30 mg
4
3
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per ml.

Solid ammonium sulphate was added slowly to the solution with

continuous stirring in an ice bath in the cold room until a
of 30%

~vas

reached (21.2 g/100 ml protein solution).

saturation

After overnight

stirring and equilibration, the precipitate was separated by centrifugation at 17,000 rpm in the RC2-B (type GS-34 rotor) at 0 C for 30 minutes.
Additional salt was added to the 30% saturated ammonium sulphate supernatant until 60% saturation was attained.
was performed as above.

Equilibration and separation

The fractions precipitating at 30% saturation

and between 30% and 60% saturation were separately dealysed against
deionized water (with three changes daily) until the outer liquid was
free of sulphate (as measured with a solution of barium hydroxide).
This required a mimimum of four days.
ed.

The sack contents were lyophiliz-

The calculation of the amount of ammonium sulphate to be used was

performed according to the following equation:
X=

10-(2.7 + t/loo

s2

Where x equals weight in grams to be added to 100 ml of saturation
sl to yield a solution of saturation s2, t equals temperature.
B.

Cellulose ion exchange column chromatography.

Ammonium

sulphate purified M 1, and M 29 were chromatographed on CM cellulose
after Fox (1964) as descriged by Straus and Lange (1976).

TheM 12

30-60 preparation was also purified by DEAE cellulose column chromatography and combined Deae and CM cellulose column chromatography after
straus and Lange (1976).

Trichloroacetic acid treated M 12 was frac-

tionated on DEAE-cellulose columns.
A cellulose column was prepared as follows;

the eolumn was
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filled with the appropriate starting buffer, and a cellulose suspension in starting buffer was added (below).
allowed to flow out.

The excess buffer was

When the column was packed, at least three col-

umn volumes of starting buffer were run through to insure equilibration.
The various buffers employed are indicated below in the appropriate
sections.

Fractions were collected on a Fractomat automatic fraction

collector (Buchler Company, Fort Lee, NJ).

The effluent of the columns

was scanned continuously at 280 nm with a Gilson recording uv column monitor (Gilson Medical Electronics, Inc., Middleton, WI).

1-llien a column

was eluted in a stepwise manner, a new buffer was not applied to the
column until the peak eluted with the prior buffer had finished coming
off the column.
a pH Meter 26

The pH of the eluent from all columns was measured with
(Radiometer Electronic Measuring Instruments, Copenhagen,

Denmark) and recorded.

1.

Diethylaminoethyl cellulose column chromatography.

The

following procedure was used for the preparation of new DEAE cellulose
powder:

Approximately 50 g of DEAE-cellulose powder was placed in a

four liter beaker with deionized water and allowed to settle.
were removed and the cellulose was suction filtered.

The fines

The filter cake

was resuspended in two liters of 1 N HCl, stirred for one hour, and
then suction filtered.

The suction cake was washed with deionized

water until the eluent was free of chloride ion as measured with a
solution of silver nitrate (the cake was suction filtered and resuspended in deionized water at least three times).

The washed cellulose was

suspended in a preparative buffer overnight sith stirring ar 4 C.
The cellulose suspension was allowed to settle for ten minutes and the
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fines were removed before the cellulose was suction filtered.

The

cellulose was then equilibrated against the starting buffer for one
hour.

Any fines still present were removed and the washing and fil-

tering procedure was repeated twice.

Finally, the cellulose was re-

suspended in the starting buffer.
a. M 12 30-60.

The sample was dissolved in 0.01 M sodium

phosphate buffer, pH 7.75, and applied to a column of DEAE-cellulose
equilibrated against this starting buffer.

The column was eluted in

a stepwise fashion employing the following phosphate buffers in order:
the starting buffer; 0.02 M, pH 7.00; 0.3M, pH 6.00;

O.OSM, pH 5.00;

0.05M. pH 4.00; and 0.5 M, pH 4.00.
b.

M 12 TCA.

A preliminary experiment was conducted to

determine if M 12 TCA could be fractionated by DEAE-cellulose column
chromatography.

Twelve mg of M 12 TCA were dissolved in 5 ml of 0.01 M

sodium phosphate buffers formed as follows:

The first two chambers of

a Varigraad gradient former were filled with 200 ml of the starting
buffer, and the third and fourth chanbers were filled with 200 ml of a
pH 6.0 buffer.

When this gradient was completed, the Varigraad was

rinsed ouu with deionized water and the first two chambers were filled
with 200 ml of the pH 6.0 buffer, and the third and fourth chambers
were filled 200 ml of a pH 3.5 buffer.

When the second gr.adient fin-

ished eluting the pH of the column eluent was below 4.0.

The column

was then washed with 0.2 M sodium phosphate buffer, pH 2.5, 0.5 Min
sodium chloride.
Information form the preliminary experiment described above was
utilized in the fractionation of 988.6 mg of M 12 TCA by DEAE-cellulose
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column chromatography employing a stepwise elution process.

Two sepa-

rate batches (478.8 mg and 509.8 mg) were chromatographed separately in
order to demonstrate the reproducibility of the method.

Each batch was

dissolved in 60 ml of 0.1 M sodium phosphate buffer, pH 5.70, (it was
necessary to add a spatula full of NH Hco to dissolve the protein com4
3
pletely) and applied to a 2.5 x 60 em column of DEAE-cellulose equilibrated against the same buffer.
umn were:

The buffers employed to elute the col-

the starting buffer; 0.01 M phosphate, pH 3.50; and 0.2 M

phosphate, pH 2.50, 0.5 M in sodium chloride.
2.

Carboxymethyl cellulose column chromatography.

New eM-

cellulose powder was mixed with 0.2 N NaOH to make approximately a 20%
suspension and was stirred for one h at room temperature.

The suspen-

sion was suctioned filtered on a Buchner funnel and transferred to 0.2
N HCl for one h and then filtered.
peated.

Alkalai and acid washes were re-

The suction cake was then washed exhaustively with water.

The

CM-cellulose was stirred with the appropriate preparative buffer (ten
times the molarity of the starting buffer) for one hour, aLlowed to
settle, and the fines removed.

This process was repeated twice before

the cellulose was suction filtered and suspended in the starting buffer.
The cellulose was allowed to equilibrate with the starting buffer with
stirring overnight in the cold room.
a.

M 1 30-60, M 12 30-60, and M 29 30-60.

The ammonium

sulfate purified protein was dissolved in 0.1 M sodium acetate buffer,
pH 4.00, and applied to a column of CM-cellulose equilibrated against
this starting buffer.

The column was eluted in a stepwise manner em-

ploying the following buffers in order: the starting buffer; O.L M
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acetate, pH 4.50; 0.1 M acetate, pH 5.00; 0.1 M acetate, pH 5.50; 0.1 M
phosphate, pH 6.00; and 0.1 M phosphate, pH 7.00.
b.

M 12 DEAE I (combined DEAE-cellulose and CM-cellulose

column chromatography.

M 12 DEAE I, which was by far the largest frac-

tion recovered from the DEAE-cellulose column chromatography of M 12
30-60, was rechromatographed on a eM-cellulose column as described
above.
c.

Nonionic detergent extracted M 12.

The nonionic deter-

gent extracts of type 12 cell walls which had been dialysed against
0.005 M sodium acetate buffer, pH 5.5, 0.02% in sodium azide, were
pooled and run over a eM-cellulose column equilibrated against this
same buffer in the cold room.

The flow rate was 10 rnl per h.

The col-

umn was then washed with at least ten column volumes of this starting
buffer.

Stepwise elution of the column was performed using 0.1 M sodium

phosphate buffer, pH 6.0, and the same buffer 0.5 M in sodium chloride.
All of the M-precipitating activity was present in the fraction eluted
with 0.01 M phosphate, pH 6.0, and this fraction is referred to as
EM M 12 (Emulphogene extracted M 12).
Quarternary amino ethyl (QAE)-Sephadex A50 chromatography.

3.

The pepsin extracted M 12 protein was redissolved in 0.05 M Tris-HCl
buffer, pH 7.5, and applied to a column of (QAE)-Sephadex ASO equilibrated against the same buffer.

The sample was eluted with stepwise

increases in Nael concentrations as follows:
M; and 0.5 M.
C.

0.1 M; 0.2 M; 0.3 M; 0.4

This is the procedure described by Beachey et al. (1977).

Membrane partition chromatography.

The llo detergent ex-

tract of 130 g of M 12 cell walls was fractionated into three size
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graded classes utilizing an Amicon high-performance thin channel ultrafiltration system Model TCFlO (Amicon Corporation, Lexington,

}~).

The

entire extract was first concentrated and dialysed against 0.005 M
sodium acetate, pH 5.50, 0.02% in sodium azide, using a PM 30 Diaflo
ultrafiltration membrane.

The fraction that passed through this mem-

brane was concentrated and dialysed using a PM 10 Diaflo ultrafiltration membrane.

The fractions concentrated by the PM 30 and PM 10 mem-

branes and the material passing through the PM 10 were chromatographed
on CM cellulose columns.

The M + fractions obtained from these columns

are referred to as EM M 12 SCI (retained by PM 30), EM M 12 SCII (passed through PM 30 and retained by PM 10), and EM M 12 SCIII (passed
through PM 10).
D.

Purification of M-protein using trichloroacetic acid.

The

procedure of Straus, Metha, and Lange (1976) involving TCA precipitation
to purify M-protein was followed.
protein was recovered.

Initially, only TCA precipitated M-

Yields, however, were lower than predicted, and,

inasmuch as the methodology for this procedure was not clearly described, the following investigation of the procedure was undertaken:
1.

Investigation of the TCA precipitation of M-protein.

87.4 mg sample of M 12 30-60 was put into 5.3 ml of

60~

An

TCA in a glass

stoppered Pyrex test tube and placed in a boiling water bath for 20 min.
The tube was placed in an ice bath for 15 min before centrifugation
at 17,000 rpm.

The precipitate was collected and dissolved in 2.0 ml

of 0.1 M NH Hco •
4
3

The solution of this original precipitate and the

supernatant were extracted five times with ethyl ether (three volumes
of ethyl ether/volume of protein solution).

Air was then bubbled
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through these mixtures to get rid of most of the ether.

Extraction of

the solution of the original precipitate and the supernatant caused
the formation of a precipitate.

The precipitate that formed after

ether extraction of the supernatant was collected by centrifugation at
17,000 rpm.

The original precipitate, the precipitate formed after

ether extraction and the supernatant after ether extraction were all
then dialysed against deionized water for three days (two changes daily)
and lyophilized.

The three fractions collected were evaluated immuno-

logically, by PAGE at pH 8.3, and by gel filtration on G-75.
2.

Trichloroacetic acid treatment.

Trichloroacetic acid

treated M-protein used in this work was obtained essentially as described above except for the following changes:

(1) the lyophilized,

ammonium sulfate purified protein was first dissolved in 0.1 M NH Hco ,
4
3
solution~

to which sufficient TCA was added to make a 60%

and (2) after

the ether extraction step (the entire M-protein solution was extracted
with ether) the entire mixture was dialysed and lyophilized in order
to obtain all of the recoverable protein.
E.

Ethanol precipitation.

In order to evaluate the effects

of TCA without fractionation by ammonium sulfate one hot acid extract
of type 12 whole cells was first precipitated with ethanol.
precipitation removes the group A carbohydrate

(Krause~

Ethanol

1967).

Suffi-

cient sodium acetate was added to the extract to make a I I solution, and
four volumes of absolute ethanol at 0 C were added with rapid stirring.
After several hours at 0 C the precipitate was collected by centrifugation at 17,000 rpm and dissolved in PBS, pH 7.0.

A slight insoluble

residue was removed by centrifugation, and three volumes of cold
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ethanol were added.

After 30 min the resulting precipitate was col-

lected by centrifugation, desolved in deionized water and lyophilized.
This ethanol precipitated M 12 (M 12 EtOH) was treated with RNase as
above.
VII.

Analytical procedures.
A.

Protein determinations.
1.

Waddell procedure.

The procedure of Waddell (1956) was

used to estimate hot acid extracted M-protein.

Spectrophotometric

readings of appropriate dilutions in 0.1 M NH Hco were made in a
4
3
Hitachi Perkins Elmer Model 139 Spectrophotometer (Oak Brook, IL).
readings were taken between 0.2 and 0.6 O.D. units.

All

The formula of

Waddell is:
ug of protein

=

- E
)
144(E
215
225

E is absorbance.
2.

Recoveries from amino acid analyses.

In some cases

protein determinations were also made based upon recoveries from amino
acid analyses.

This procedure and the procedure of Waddell were found

to agree within 0.1% for hot acid extracted M-protein.
3.

Lowry method.

Estimates of the amount of protein ex-

tracted with the nonionic detergent Emulphogene BC-720 were made by the
method of Lowry et al. (1951) as described by Chase and Williams (1968)
employing a standard curve of BSA in extracting solution.

This allowed

for a comparison to the original work of others on the nonionic detergent extraction of M 6 cell walls (Fischetti et al., 1976).
One ml of a 0.5% Cuso

4

5H o solution in 1% sodium tartrate, pre2

pared fresh daily, was added to 50 ml of a 2.0% solution of Naco

3

in
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0.1 N NaOH.

One ml of this solution was added to 0.2 ml samples con-

taining 5-100 ug of protein.

Samples were mixed well and permitted to

stand at room temperature for 10 min.

The Folin-Ciocalteau reagent

(0.25 ml), appropriately diluted with water immediately before use, was
rapidly pipetted into these tubes and mixed and incubated for 30 min.
Absorbance was read at 750 nm in the Coleman Junior II spectrophotometer Model 6j20 (Oak Brook, IL).
4.

Reaction with ninhydrin after alkaline hydrolysis.

The

low aromatic amino acid content of M-protein made it necessary to follow certain separations by means other than absorbance at 280 nm alone.
The greater sensitivity of the ninhydrin reaction made it preferable to
the Lowry reaction.

A personal modification of the method of Moore and

Stein (1954) was employed.
Briefly, aliquots were taken from the fractions collected in a
particular separation (50 ul or 200 ul) and put into test tubes previously washed with acetic acid.
vacuum oven set at 110 C.

Aliquots of standard BSA solutions were sub-

jected to the same treatment.
each tube.

The aliquots were then dried in a

Fifty ul of 8.1 N NaOH was then added to

The tubes were vortexed, and 0.5 ml of Moore and Stein rea-

gent (below) was added to each tube.

The tubes were then placed in a

boiling water bath in a metal test tube rack for 20 min.
removed and shaken several times.

The rack was

When the tubes had cooled 2.0 ml of

50% ethanol were added to each tube.

Each tube was then covered with

a piece of parafilm and inverted three times.

The color development

was read in the Coleman Junior II spectrophotometer at 570 nm.
Moore and Stein reagent (1954) was prepared as follows:
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Methyl cellosolve (37.5 ml) and 4 N sodium acetate

buffer~

(12. 5 ml) \vere combined in a 250 ml flask and degassed.
ninhydrin was then added to this solution.

pH 5.5,

One g of

Degassing was continued

while the ninhydrin dissolved in the solution.

A 20 mg chunk of stan-

nous chloride was then added to the ninhydrin solution.
continued while the stanous chloride dissolved.

Degassing was

This reagent was pre-

pared immediately before it was used each time.
B.

Amino acid analyses.

Quantitative amino acid analyses were

performed on a Spinco Model 120 C Amino Acid Analyzer by the method of
Spackman et al. (1958).

Lyophilized samples were hydrolysed in con-

stant boiling 6 N HCl in sealed evacuated test tubes for 22 h.

A dual

column analysis procedure was routinely follmved (Beckman Technical
Bulletin A-TB-035).

Single column analyses were also performed when

the amount of material being destroyed in the analyses was a consideration (Beckman Technical Bulletin A-TB-059A).

No separate determinations

were made for any amino acids.
C.

Nucleic acid determinations.

Nucleic acid determinations

were made spectrophotometrically using the empirical formulas of Kalckar
(1947).

Nucleic acid content was expressed relative to protein con-

after Straus and Lange (1976).

The orcinol reaction (below) was used

on the M 12 protein samples to compare the results of the two methods.
D.

Carbohydrate determinations.
1.

Total hexose.

Total hexose determinations were performed

using the anthrone reaction (introduced by Dre)'T..rood) as described by
Williams and Chase (1968).

nvo ml of anthrone reagent (0.4 g anthrone

in 100 ml of concentrated sulfuric acid) was pipeted into the bottom of
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16 x 150 mm test tubes in an ice bath.

One ml of sample or of standard

solution (in the range of 10 to 50 ug of glucose) \-las then carefully
layered above the reagents.

Each tube was vigorously shaken while

immeresed in the cold bath until thoroughly mixed.

The tubes were

brought to room temperature and heated at 90 C for 16 min.

They were

subsequently cooled to room temperature, and the blue color was read in
the Coleman Junior II spectrophotometer at 625 nrn.
2.

Hexosamine.

Hexosamine determinations were performed

according to the procedure of Rosevear and Smith (1961).
were hydrolysed overnight with 2 N HCl.

The samples

Samples containing approxi-

mately 0.5 umoles of free hexosamine in a total volume 2.0 ml were set
up in three test tubes (two duplicate tubes of sample and one of
sample blank).

A reagent blank was set up using 2.0 ml of water.

Standards of 0.5, 1.0,1.5, and 2.0 uM in 2.0 ml volumes were also set
up in one ml of 2 M Na

2

co3 •

The tubes were mixed, covered with marbles

and heated at 90 C in a water bath for 90 min.
and placed in an ice bath.

The tubes were removed

The tubes -.;-1ere maintained at 0 C while 10

ml of absolute ethanol were added and the tubes were again mixed.

To

all tubes except the sample blanks, 1.0 ml of para-dimethylaminobenzaldehyde solution (1.6 g para-dimethylaminobenzaldehyde in

~0

ml of

absolute ethanol and 30 ml of concentrated HCl) was slowly added and
the solution was mixed with a stirring rod.

One ml of deionized water

was added to each of the sample blanks and mixed.

The

tu~es

were then

placed in a 30 C water bath for 60 minutes and read at 530 nm against
deionized water blanks.

Hexosamine was also calculated from the

recoveries from amino acid analyses.
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3.

Methylpentose.

Methylpentose (rhamnose) determinations

were made according to the procedure of Dische and Shettles (1948).

To

a one ml ice cold solution of methylpentose (containing 3-10 ug of this
substance), 4.5 ml of chilled sulfuric acid (six parts concentrated
H so and one part deionized water) was added slowly,
2 4
shaking in an ice bath.

t~th

constant

The tubes were allowed to stand at room tem-

perature for ten min and were then placed in a boiling water bath for
three min.

The tubes were allowed to stand several minutes at room

temperature, 0.1 ml of 3% cysteine hydrochloride solution was added,
and the contents of each tube was thoroughly mixed.

After two hours

the absorbance at 396 and 430 nm was read in the Coleman Junior II
spectrophotometer.

The principle of the method depends on the absence

of methylpentose absorption at 430 nm and the findind that the hexoses,
pentoses, and glucuronic and galacturonic acids have symetrical absorption curves such that their absorption at 396 nm and 430 nm is the
same.

Hence subtraction of the latter value from the former corrects

for all absorption except that due to methyl pentose.
4.

Orcinol reaction.

The following modification of the or-

cinol reaction as described by Mach (1968) was employed;

To a sample

(0.2 ml aliquot) in 1.0 ml of water was added 2.0 ml of freshly prepared reagent containing 0.4% orcinol in 12 N HCl-0.04% FeC1 •
3

The

tubes were mixed, capped, heated for 15 min in a boiling water bath,
and cooled;

the optical density was read at 660 nrn within minutes,

since the color fades at a rate of 13% per hour.
RNA solutions were measured for reference.

Samples from standard

This procedure gives a high-

er color yield than the standard method and maximum color development
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occurs between 5 and 10 min.
E.

Polyacrylamide gel electrophoresis.

Polyacrylamide gel

electrophoresis (PAGE) was performed using the disc method of Ornstein
and Davis (Davis, 1964) as modified by Sargent (1965).
run at a pH of 8.3.

The gels were

The stock solutions used to make the gels were

prepared as follows:

Solution A- 48 ml of N hydrochloric acid, 36.3 g

of Tris buffer, 0.46 ml of N:N:N' :N'-tetramethyl-1:2-diamino-methane
(TEMED) and water to 100 ml, pH 8.9.

Solution

~-

48 ml of N hydro-

chloric acid, 5.98 g Tris buffer, 0.46 ml TEMED, and water to 100 ml,
pH 6.7.

Solution~-

30.0 g acrylamide, 0.8 g of methylene-bis-acryl-

amide, 0.015 g of potassium ferricyanide and water to 100 ml.
~-

Solution

10.0 g of acrylamide, 2.5 g of methylene-bis-acrylamide and water

to 100 ml.

Solution

~-

4.0 mg of riboflavin in 100 ml of water.

So-

lution F - 70 mg of ammonium persulfate in 50 ml of distilled water,
prepared fresh daily.

The stock buffer used for electrophoresis con-

sisted of 6.0 g of Tris, 28.8 g of glycine and water to one liter.
The pH of the buffer was adjusted to 8.3 and the solution was stored
at 4 C.

Prior to use, the stock solution was diluted two-fold with

distilled water.
The running gels were prepared by mixing the stock solutions
in the following proportions: 2 parts
tilled water/8 ml of mixture.

!,

4 parts

f, and 2 parts dis-

Five parts of this mixture were added

to five parts of F/10 ml of mixture and this preparation constituted
the materials for the running gels.
parts D and 1 part
of mixture.

!

For the upper gels, 1

part~'

2

were added to 4 parts distilled water/8 parts

The flask containing the upper gel solution was covered
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with aluminum foil.
Gels were polymerized in glass tubes 9.5 em long with an inner
diameter of 6 mm.

The glass tubes were filled with running gel to a

level 2 em from the top.

The solution in each tube was layered over

carefully with water so that a discrete boundry was formed between the
gel solution and the water.

Gelling was allowed to proceed at room

temperature for a period of 45 min.

The water layer was carefully de-

canted from the tube and the top of the gel carefully rinsed with upper
gel solution.
Exactly 0.25 ml of upper gel solution (spacer gel) was then
added to each tube and again covered with a layer of water.

The tube

holder was placed 3 inches from a 15 watt fluorescent lamp for 20 min
to allow the spacer gel solution to polymerize.

Tubes were fitted into

the upper chamber compartment, and the apparatus assembled and both
chambers were filled with buffer.

Between 50 and 300 ug of protein

in 40% sucrose was then layered on top of each gel.
A constant current of 5 mA per tube was applied.

After placing

the cathode in the upper chamber and electrophoresing for approximately
one hour at room temperature, the tracking dye (Bromphenol Blue) generally reached the bottom of the tube and the run was terminated.

The

gels were removed from the tubes in an ice bath, fixed for 1 h, stained
for 2 h, and destained until the background was clear.
F.

Cationic polyacrylamide gel electrophoresis.

Cationic

polyacrylamide gel electrophoresis (cationic PAGE) was performed by
a standard procedure outlined by Canalco Industrial Corp.

The stock

solutions used to make the gels were prepared as followsi

Solution A-
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12.0 ml N KOH, 53.2 ml acetic acid, 0.24 ml
to 100 ml, pH 2.9.
0.1 ml

T~ED,

T~lED,

and deionized water

Solution B - 24.0 ml N KOH, 1.47 ml acetic acid,

and water to 100 ml.

Solution

g methylene-bis-acrylamide, water to 100 ml.

f - 300 g acrylamide,
Solution

0.8

Q- 10 g acryl-

amide, 0.8 g methylene-bis-acrylamide, and water to 100 m1.

Solution

E - 0.12 g of ammonium persulfate, 0.002 g of riboflavin, and water to
100 ml.

Solution

K-

0.06 g of ammonium persulfate, 0.001 g riboflavin,

and deionized water to 100 ml.

The pH of stock solutions A and B was

adjusted by titration with acetic acid.

The upper buffer used for

electrophoresis consisted of 28.1 g of glycine, 3.05 ml of acetic acid,
and deionized water to 1 liter, pH 4.0.

The lower buffer consisted of

43 ml of acetic acid, 120 ml of N KOH, and deionized water to 1 liter,
pH 4.3.
The running gels were prepared by mixing the stock solutions in
the following proportions:

2 parts A, 1 part

f, and 1 part E, pH 2.9.

For the stacking gels the stock solutions were mixed in the following
proportions:

1

part~.

1 part D, and 2 parts

K·

pH 6.7.

Gels were polymerized in 9.5 em long glass tubes with an inner
diameter of 6 rnm in the same manner as the anionic gels described
above.

Samples were layered over the stacking gels in 40% sucrose.

Electrophoresis was performed at a constant current of 5 rnA per gel,
and different fractionation times were experimented with to determine
the time of electrophoresis that would result in optimal resolution of
protein bands.

In one instance it was necessary to incorporate 0.1%

sodium dodecyl sulfate (SDS) in the buffers and gels.

This was accom-

plished with the substitution of 1 N NaOH for 1 N KOH in the prepara-
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tion of stock solutions A and B and the lower buffer.

Gels were fixed

and stained in the same manner as the anionic gels.
G.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis.

Electrophoresis in 10 x 13 x 0.1 em polyacrylamide slab gels containing
SDS (SDS-PAGE) was performed in the slab gel apparatus of Studier (1973)
(Aquebogue Machine and Repair Shop, Aquebogue, NY) employing the discontinuous buffer system of Laemmli (1970).

Stock solutions were:

Buffer stock solution A- 0.75 M Tris HCl 0.2% in SDS, pH 8.8.
amide

solution~-

Acryl-

22.2 g acrylamide and 0.6 g methylene-bis-acrylamide

up to 100 ml with deionized water.

Ammonium persulfate solution C -

0.2 g ammonium persulfate in 10 ml of deionized water.
solution D - 0.25 M Tris HCl 0.2% in SDS, pH 6.8.

Buffer stock

Sample buffer

! -

2% SDS, 10% glycerol, 5% 8-mercaptoethanol, and 0.001% bromphenol
blue as a dye marker.

The electrode buffer (pH 8.3) contained 0.025 M

Tris, 0.192 M glycine and 0.1% SDS.
The seperating gels were prepared by mixing the stock solutions
in the following manner:
TEMED.
ml

11.0 ml A, 9.9 ml B, 1.07 ml

The stacking gels were prepared as follows:

0.54 ml B, 0.194

f, 0.006 ml TEMED, 1.26 ml deionized water, and 2.0

ml

separating gels T equalled 10.26% and C equalled 2.56%.
gels were 3% in acrylamide.

and 0.033 ml

~.

~-

The stacking

According to Hjerten (1962) a polyacryl-

amide gel is characterized by the following definitions:
a+b
T = ---

v

b

. 100

C = a + b . 100

where:
T

= total

For the

percentage concentration of both monomers.
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c

cross-linking percentage.

a

weight of acrylamide in g.

b

weight of methylene-bis acrylamide in g.

v

volume of water or buffer solution in ml.
In certain instances a 20% separating gel (T

= 20%

and C

2.56%) was used, and solution B was replaced with the following solution BB:

43.3 g acrylamide and 1.33 g methylene-bis-acrylamide up to

100 ml with deionized water.
Samples were boiled for 2 min in buffer
the sample pockets.

~

before being put into

A constant current of 30 mA was applied until the

dye was 2 em from the bottom of the gel.

Gels were fixed, stained, and

destained as above.
H.
trophoresis.

Sodium dodecyl sulfate polyacrylamide gradient gel elecOn several occasions a 7-30% polyacrylamide gradient gel

in the presence of SDS was run as above (SDS-PAGGE).

The first chamber

of a gradient maker was filled with the 30% gel solution and the second
with the 7% gel solution.

The exact amount of gel solution needed to

fill the gel mold, and the amount of solution that did not drain from
the gradient former were determined with water.

The appropriate amount

of gel solution was then put into each chamber.

The solutions were

mixed in the first chamber with a magnetic stir bar and pumped peristaltically through a small piece of tubing into the bottom of the gel
mold.

The mold was tilted at a 45 degree angle and put back to the

horizontal position as the gel was poured.
always held above the surface.
with water saturated butanol.

The end of the tubing was

When the gel was poured it was overlaid
From this point everything was the same
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as described above for SDS-PAGE with one exception.

The gel was run

at 50 volts (constant) for 20 h.
I.

High performance liquid chromatography.

A Waters Associates

(Milford,MA) Model 204 liquid chromatograph equipped with a Model 440
fixed wavelength absorbance detector, a Model M-45 solvent delivery
system, a Model U6K sample injector, and an Omni Scribe recorder were
employed.

This instrumentation is referred to as the Waters protein

separation system (PSS).

Separations were performed on an I-125 pro-

tein analysis column (7.8 mm i.d. x 30 em) also from Waters Associates.
This bonded silica column is designed to separate proteins in the
molecular weight range of 2,000 to 80,000 daltons by size.

Either a

0.05 M phosphate buffer, pH 7.0, or a 0.1 M NH + buffer, adjusted to
4
pH 4.0 with acetic acid, was employed as the mobile phase.
rate used was 2.0 ml per min.

The flow

The column was calibrated with egg al-

bumin and myoglobin.
Separations were also performed on the Waters uBondapak
column, 3.9 mm i.d. x 30 em.

c18

For details see the peptide analysis

section below.
J.

Two-dimensional high resolution electrophoresis.

Two M 12

preparations were analysed by the two-dimensional high resolution electrophoresis system of Anderson and Anderson (1977).

In this system the

proteins are first separated by isoelectric focusing for 18 h in thin
polyacrylamide (spaghetti) gels to which the appropriate ampholyte
solutions have been added.

The proteins are then separated in a

second dimension by electrophoresis into a SDS polyacrylamide slab
gel.

The samples were prepared before isoelectric focusing (first
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dimension) as follows.

The lyophilized proteins were dissolved in

solubilizing agent to give concentrations of 5 mg per ml.
bilizing agent was:

The solu-

2% SDS, 5% S-mercaptoethanol, and 20% glycerol.

The solutions were heated at 95 C in a boiling water bath for 5 min.
Upon cooling urea was added to saturation.
Isoelectric focusing was performed in 10% polyacrylamide gels
(4% acrylamide and 6% methylene-bis-acrylamide) in a pH 3-10 gradient.
The following solution was employed to form the isoelectric focusing
gels:

5.5 g urea, 0.5 ml pH 3.5-10 ampholytes (LKB), 1.33 ml 30%

acrylamide plus 1.8% methylene-bis-acrylamide, and 2.0 ml of deionized
water.

After degassing, 2.0 ml of a 10% NP-40 solution, 10 ul of a 10%

ammonium persulfate solution, and 7 ul of TEMED were added.

The upper

reservoir contained 30 mM NaOH, while 10 mM H Po was used in the
3 4
lower reservoir.

The gels were prefocused for one h at 200 V.

The

samples (50 and 100 ul) were loaded and overlaid 5 ul of sample overlay solution containing 4% urea, 2% ampholytes (pH 3.5-10) and 4%
NP-40.

Focusing was then carried out at 260 V for 18 h (4680 V-h).
After focusing, gels were put into 2 ml of SDS-equilibration

buffer containing: 10% glycerol, 5% S-mercaptoethanol, and 2.1% SDS,
made up in 0.125 M Tris HCl, pH 6.8.
put into place on top of the 10%

After 15 min the gels were then

polyacrylamide SDS gels prepared as

above (with the exception that these slabs were 13.5 x 13.5 x 0.2 em).
The sample gels were held in place by an overlay of melted agarose.
The SDS slab gels were run at a constant current of 25 rnA for 5 h.
Gels were fixed and stained in a 0.2% Comassie Blue R-250, 50% ethanol
and 5% acetic acid solution overnight.

The gels were destained in an
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ethanolic acetic acid mixture.
K.

Antigenic analysis,
1.

Double diffusion in agar.

(1969) was employed.

The method of Lange et al.

Ten g of ion agar, 8.5 g of sodium chloride,

1.0 g of sodium azide, and 37.5 g of glycine were placed in one liter
of water.

The agar was sissolved by heating the water to boiling.

Twenty-seven ml of this molten immunodiffusion agar was poured onto
3 1/4 x 4 in glass slides (Kodak projector slide cover glass).
agar was 2 mm thick.

The

After the agar had solidified the plates were

placed in the refrigerator for 1 h.
to cut patterns in the agar.

Routinely a gel punch was used

The center antiserum well, which was

4 mm in diameter, was surrounded by 6 antigen wells each 3 mm in
diameter.

At times 5 mm antiserum and antigen wells were cut with

a number 2 cork bore.

Samples of varying protein concentrations

(1-20 mg per ml) in 0.1 M NH

4

Hco 3

were tested against reference

antisera from CDC and antisera prepared in this lab.
Plates were incubated at room temperature in a moist chamber
overnight and then for an additional 24 h in the refrigerator.
tions were read at 12, 18, 24, and 36 h.
saline for 3d (with several changes).
deionized water for 1 d and dried.

Reac-

The plates were washed in
The plates were then washed in

The plates were stained for 1 h

in an Amidoschwartz lOB solution and destained in a methanolic acetic
acid solution.
2.

Qualitative immunoelectrophoresis.

Immunoelectrophor-

esis was performed after Straus and Lange (1972) in 1.0% Ionagar gels
(10 g Ionagar per liter of immunoelectrophoresis [IEP] buffer).

IEP
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buffer, pH 8.6, contained 12.8 g of sodium barbital, 1.7 g barbital
(acid), and o.38 g calcium lactate per liter.
3 1/4 x 4 in glass slides.

Gels were poured on

Sample wells were made to be 2-5 mm in

diameter and were filled with samples of varying protein concentration
(1-10 rng per rnl) in 0.1 M NH Hco •
4
3

A constant current of 30 rnA was

applied per gel, and electrophoresis was allowed to continue for 100
min.

Throughs were filled with reference antisera and antisera

prepared in this lab.

The gels were then treated in the same manner

as the immunodiffusion plates.
L.

Estimation of diffusion coefficients by the technic using

antigen and antibody trough at right angles.

The effective molecular

size of M-proteins was estimated by the L-plate method of Allison and
Humphrey (1960).

Immunodiffusion was performed on 14.3 x 5.6 ern

cellulose acetate membranes (Beckman) in order to conserve antiserum
and antigen solutions.
(Lange, 1969).

Cellulose acetate offers certain advantages

The membranes were soaked for 1 h in phosphate buf-

fered saline (PBS), pH 7.4, and blotted dry.

The membranes were ern-

bossed with a metal template so that antigen and antibody throughs were
set at right angles to each other.

The membranes were secured on the

bridge of a Beckman Microzorne Cell filled with PBS, and the respective
troughs were filled antigen solution and antiserum (CDC).

Fifteen min

later the membranes were submerged in a tank of mineral oil and diffusion was allowed to occur for 24 h.

The membranes were then subjected

to four one-half hour saline washes before being stained with a 0.2%
solution of Ponceau S in 3% TCA for one-half hour.

The membranes were

destained with 5% acetic acid until the background was white and dried
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between two pieces of blotting paper.

The ratio of the diffusion co-

efficients of antigen (Dg) and antibody (Db) is given by;

tan

where

e is

trough.

e

= (

~1 ~

the angle between the precipitation line and the antigen

In practice the proportions of antigen and antibody are ad-

justed so that a narrow straight line is obtained, and for this line

- - = tan

e

X

g

where

~

and Xg represent the distances from a point on the precipita-

tion line to the antibody trough and to the antigen trough respectively.
The distances

~

and Xg were determined from 5 x 7 in photographs of

immunodiffusion patterns.
bodies equals 3.8 x 10

-7

The diffusion coefficient of rabbit antiem

2

per sec (Korngold and van Leeuwen, 1957).

(The molecular weight of rabbit Ig G is 150,000.)
Published values for the diffusion coefficients of several antigens calculated by this method were plotted on semilog graph paper
versus the respective known molecular weights of the antigens (molecular weights were plotted on the log scale).

The effective molecular

size of the M-proteins demonstrated by this method were determined from
this plot.
M.

Calculation of minimum molecular weights from the amino

acid analysis data.

The umoles of each amino acid recovered in an anal-

ysis were multiplied by the respective residue molecular weight to calculate the g of each amino acid residue recovered.

The residue molec-
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ular weight is equal to the molecular weight of the amino acid minus
18 (the molecular weight of one water molecule).

The g of each amino

acid residue per 100 g of protein was then calculated.

A minimum molec-

ular \veight (MMW) for the protein was then calculated based upon these
values:
MMW

= (

amino acid residue molecular weight
(lOO)
percent amino acid residue in protein)

The moles of each amino acid residue per 100 g of protein was then
calculated.

The mole ratio (MR) was calculated as follows:
MR

=

mole~ of residue per 100 g protein
moles of residue present in smallest amount

Corrected minimum molecular weights

(CM}fi~)

were then calculated based

upon each amino acid:
CMMW =

(MMW) (MR)

VIII. Controlled tryptic digestion of M-proteins.
M-protein was dissolved in 0.1 M ~~
of 5.0 mg per ml.

4 Hco 3 to give a concentration

An aliquot of a 25 ug per ml solution of L-(tosyl-

amido 2-phenyl) ethyl chloromethyl ketone (TPCK) treated trypsin
(Worthington Biochemical Corp., Freehold, NJ) in 0.1 M NH

4

Hco 3

that

contained an amount of enzyme equal 1/200 by weight the amount of Mprotein being digested was added and the mixture was incubated at 37 C
for 4 h.

At 4 h another aliquot of the same size was added along with

2 drops of chloroform and the mixture was incubated another 14 h at 37
C and lyophilized.
IX.

Reversible citraconylation of lysine residues.

Samples of M-pro-

tein were citraconylated with citraconic anhydride after Atassi and
Habeeb (1972).

Samples were digested \vith. trypsin for 3 h immediately
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after citraconylation and lyophilized.

Deblocking was achieved by

dissolving the lyophilized digests in 50% acetic acid and allowing the
solution to stand at room temperature for 1 h.

x.

Peptide analyses.
A.

The Beckman Model 120 Automatic Amino Acid Analyzer.

Pep-

tide analyses were performed on a Beckman Model 120 Automatic Amino
Acid Analyzer as described by Lange and Zmuda (1978).

Five mg of di-

gested protein were applied to a 0.9 x 17.0 em column of Beckman PA-35
cation exchange resin and eluted with a linear gradient of pyridine
acetate buffers (90 ml each).

Buffer number one consisted of 0.2 M

pyridine: acetic acid, pH 3.1;
acetic acid, pH 5.0.

the second buffer being 2.0 M pyridine:

Column temperature was 50 C, and the change to

a fixed buffer concentration of 2.0 M pyridine: acetic acid, pH 5.0,
occurred at 150 min with a total run time of 300 min.
B.

The Waters high performance liquid chromatograph.

Since

the initiation of this work great advances were made in the area of
high performance liquid chromatography, and it was to our advantage
to employ this new methodology for peptide analyses in place of the
procedure outlined above.

A Waters Associates (Milford, MA) liquid

chromatograph consisting of the components described above was employed.

All separations were performed on the I-125 bonded silica column

or the

c18

uBondapak reverse phase column (both columns were also pur-

chased from Waters Associates).

Buffers employed with the former col-

umn were 0.5 M phosphate, pH 7.0, and 0.1 M NH + adjusted to pH 4.0
4
and pH 2.5 with acetic acid.
ployed.

A flow rate of 2.0 ml per min was em-

Anunonium bicarbonate (0,1 M) 5% in acetonitrile was employed
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with the latter column.

Peptide maps employing the reverse phase column

took a total of 70 min with a flow rate of 1.0 ml per min.
C.

Peptide maps on thin layer micropolyamide plates.

The pro-

cedure of Tichy (1975) for the two dimensional chromatography of dansylpeptides was followed.

Lyophilized tryptic peptides of E}I M 12 frac-

tions (collected from the G-100 column) were dansylated with 20 ul of a
0.2 M NaHC0

3

buffer solution, pH 9.8, and 20 ul of a 0.1% solution of

DANS-Cl in acetone.
30 min.

The mixture was incubated at 37 C in the dark for

The reaction mixture was dried in a vacuum desiccator, dis-

solved in 50 ul of absolute ethanol, insoluble products were centrifuged off, and the solubilized dansylated products were investigated.
For two-dimensional chromatography of the dansylated peptides
5 x 5 em micropolyamide plates (Schleicher and Schull, Keene, NH) were
used.

Routinely 1 ul of the peptide mixture was carefully applied to

the plates.

Histological staining cuvettes, containing 5.0 ml of sol-

vent, served as chromatography tanks.

Chromatograms were developed 7

min in the first dimension in 10% formic acid and for 12 min in the
second dimension in butonal.

The chromatograms were dried and the

fluorescent spots were identified under a uv-lamp.

XI.

Production of antisera.
A.

Whole cell vaccination.

New Zealand white rabbits weighing

approximately 1 k were obtained from Scientific Small Animal Farms.
Whole heat killed cells in saline (10
a vaccine.

8

organisms per ml) were used as

Twenty mg of whole heat killed cells were also put into

2.0 ml of saline and incorporated into complete Freund's adjuvant (CFA)
composed of the following:

4 ml Marcol, 2 ml Falba, 0.1 mg of
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Mycobacterium tuberculosis (var. hominis, H RA) cells, and the whole
37
streptococcal cells in saline.
was observed:

The following immunization schedule

Day 1, 0.2 ml of cell suspension intravenously (IV) (ear)

and 1 ml of the cells in adjuvant intramuscularly (IM) (thigh);

Days

3 and 5, 0.2 ml of cell suspension in saline IV; Days 8 and 10 , 0.5 ml
of cell suspension in saline IV; Day 17, 1 mg of ammonium sulfate purified M-protein in incomplete Freund's adjuvant (IFA) (as above without
the M. tuberculosis cells) IM.

These sera were adsorbed with heterol-

ogous whole cells.
B.

Purified protein vaccination.

An amount of 3 to 5 mg of

M-protein was incorporated into CFA as above.

Rabbits were immunized

in the foot pad and in multiple sites on the back on day one.
15 one mg of protein in IFA was given IM in the thigh.
the primary immunization the rabbits were trial bled.

On

day

One month after
If the antibody

response was poor, another single IM injection was given and the animals were exsanguinated 5 to 7 d later.

Each animal was immunized with

3 to 5 mg of protein.
C.

Sera obtained from the Center for Disease Control.

Specific

group A and specific anti-M antisera were supplied by the Center for
Disease Control, Atlanta, GA (CDC).

The type-specific antisera from

CDC were produced in rabbits immunized with whole streptococcal cells
and absorbed with the hot acid extracts of heterologous whole cells.

RESULTS
I. Characterization of M-protein used in this investigation.
A.

Hot acid extracted M-protein.

The yields of several repre-

sentative hot acid extractions of streptococcal M 12 cell walls are
summarized in Table 1.

The dry weight of the total hot acid extract

was roughly 10% of the dry weight of the cell walls.

The fraction

precipitating between 30% and 60% saturation with ammonium sulfate
represented 30% on the average of the total hot acid extract or 3% of
the cell walls.

Yields from the hot acid extracts of whole cells were

considerably lower.
The ultraviolet analyses of ammonium sulfate purified M-proteins
are shown in Table 2.

The 280/260 ratios are seen to vary greatly in

in these preparations with a value of 1.12 for M 12 30-60 extracted
from cell walls being the highest.

The ribonucleic acid contamination

ranged from a low of 2.7% in M 12 30-60 from cell walls to values
greater than 10%.

Carbohydrate assays performed on M 12 30-60 showed

methylpentose and total hexose to be less than 1% and hexoseamine to
be less than 0.5%.

Hexoseamine was also determined to be present in

trace amounts by amino acid analysis.
M 12 30-60

is shown in Table 3.

The amino acid composition of

Glutamic acid and aspartic acid alone

comprise 32.1% of this preparation, while the basic amino acids contribute 9.8%.

The hydrophobic amino acids comprise 44.9%.

aromatic amino acids
of the total.

The

tyrosine and phenylalanine represent only 4.6%

Tryptophan was not detected by amino acid analysis.

49

TABLE 1.

REPRESENTATIVE HOT ACID EXTRACTIONS OF M 12 CELL WALLS.

Cell Walls g

~ot

Acid Extract mg

& Percentage of Cell Walls ( )
6.2
7.5
15.1
79.3

661
787
1_,530
8,206

a Used for ethanol precipitation.

(10.6)
(10. 5)
(10.1)
(10.3)

30-607o Ammonium Sulfate Cut mg

& Percentage of Cell Walls ( )
----- a
231
164
2,370

(3.1)

(1.1)
(2. 9)

TABLE 2.

*

NUCLEIC ACID DETERMINATIONS OF DIFFERENT M-PROTEIN TYPES EXTRACTED WITH HOT ACID
AND PURIFIED BY FRACTIONAL PRECIPITATION WITH AMMONIUM SULPHATE.~·(

M type

260 nm

280 nm

260/280 nm

280/260 nm

mg protc in/
mg nuc 1e ic ac fd

12

0.347

0.389

0.89

1.12

0.295/0.008

1

0.480

0.386

1.24

0.80

0.229/0.016

29

0.440

0.218

2.02

0.50

0.001/0.020

:;!

'In~

0.393

0.338

1.16

0.86

0.222/0.013

4

'In~

0.537

0.253

2.12

0.47

'lc~h'c

6

~h~

0.430

0.350

1.23

0.81

0.212/0.015

9

~·(*

0 .l~l3

0.186

2.22

o .t~s

11

~'<~~

0.586

0.275

2.13

0.47

*'"*
*"k*

13

-~~*

0.500

0.263

1. 90

0.53

0.025/0.022

22 "/(*

0.333

0.193

1. 73

0. 58

0.044/0.014

2 5 '/('/(

0.422

0.220

1. 92

0.52

0.018/0.019

48

'~<*

0.502

0.260

1.93

0.52

0.019/0.023

55

1'd(

0.540

0.256

2.11

0.47

"'1'<·-k·k

56

Me

0.521

0.248

2.10

0.48

id('/(

61

**

0.611

0.311

1.96

0.51

0.015/0.028

Sec Straus and Lange (1976).

*~'<

Kindly provided by Dr. Lange.

''<**

Not calculable.

Vl
1-'

TABLE 3.

AMINO ACID COMPOSITION OF HOT ACID EXTRACTED M 12 PURIFIED BY
FRACTIONAL PRECIPITATION WITH AMMONIUM SULFATE (in ~moles per
100 umoles of protein).

Amino Acid
lysine
histicline
arginine
cystine (l/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
phenylalanine

7.09
0.34
2. 71
0.30
16.27
6. 59
4.53
15.85
2.48
7.62
10.22
6.58
0.13
6.31
8.42
1. 74
2.84

V1
N
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The M 30-60 preparations exhibited multiple bands in the SDSPAGE system of Laemmli (Figs. 1 and 2).

Based upon the relative mobil-

ities in this system, the M 30-60 preparations contained a continuum
of different sized proteins ranging from very small peptides that migrated at the dye front to proteins in the 33,000 molecular weight
range in the M 12 and other preparations.

Very high molecular weight

proteins appeared to be present in several of the preparations.
banding patterns of these preparation all appeared to be similiar

The
with

respect to the fact that a major portion of the material appeared to
to be of a low molecular weight less than 10,000 migrating at or near
the dye front.

Several bands migrating faster than the dye front that

did not take up the COOMASSIE brilliant blue dye could be seen in the
runs of certain M 30-60 preparations.
with M types 11, 13, 25, 48, and 61.

These bands were most apparent
Ultraviolet analyses of these

latter preparations indicated that the nucleic acid content was high
(Table 2), and these bands probably represented precipitated nuclei acid
(Hayashi and Spiegelman, 1961).
All of the M 30-60 preparations exhibited a multiple banding
pattern in PAGE at pH 8.3.

The M 12 30-60 preparation exhibited one

main band at the dye front with some trailing.

Several fainter stain-

ing bands were also evident in this preparation.
The elution profile of M 12 30-60 from a Waters HPLC protein
sepaeation column is shown in Fig. 3A.

Two main peaks are apparent.

The first is very sharp and the area under this curve

is less than

one fourth the area under the second very broad peak.

The second peak

is very symmetrical, but it does tail off.

Fig. 1.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis of
ammonium sulfate purified M-protcins.
M 2.

Slot 3: M 4.

Slot 7: M 56.

Slot 4: M 6.

Slot 8: M 55.

Slot 1: M 12.

Slot 5: M 9.

Slot 9: M 29.

Each slot contained 100 ug of protein.

Slot 2:

Slot 6: M 22.

Slot 10: M 1.

1

2

3

4

5

6

7

8

9

10

-67K
-50K

-25K

Fig. 2.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
of ammonium sulfate purified M-proteins.

Slot 1: M 61.

Slot 2: M 48.

Slot 3: M 25.

Slot 4: M 13.

Slot 5: M 11.

Slot 6: M 12.

Each slot contained 100 ug of protein.

1
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4

5

6

...

-25K

Fig. 3.

Elution profiles of M 12 30-60 (A), M 12 TCA (B), M 12 DEAE IIIA (C), and M 12 DEAE IIIB (D)
from a Waters I 125 protein separation column.
The flow rate was 2.0 ml per minute.

The buffer was 0.05 M phosphate, pH 7.0.

Sample load was 10

~g.
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In gel filtration on a Sephadex G-100 column equilibrated with
0.1 M NH

4

Hco 3

M 12 30-60 eluted in one very broad peak beginning just

after the void volume and finishing after the total volume of the column (Fig. 4).

A minor component eluted after the major peak.

Antigenic

analysis revealed that the M activity eluted in the leading edge of the
large peak just after the void volume of the column in tube 4.

The

SDS-PAGE analysis in Fig. 5 showed that the material in tube 4 was just
as heterogeneous as the entire M 12 30-60 preparation.
analysis of these fractions is shown in Table 4.

The ultraviolet

The 280/260 nm absor-

bance ratio of 1.06 for the material in tube 4 does not differ significantly from the 1.12 value

of the whole M 12 30-60 preparation.

The

material in tubes 7 and 8 is comprised mainly of smaller peptides.
lower 280/260 nm

The

absorbance ratios of 0.88 and 0.79 respectively re-

fleet the fragmentary nature of this material.
The elution profile of M 12 30-60 from a Sephadex G-75 column
equilibrated with 0.1 M NH
column.

4

Hco 3

was similiar to that from the G-100

The scan at 280 nm revealed a small peak eluting at the void

volume followed by a very broad symmetrical peak that finished eluting
after the total volume of the column.

This latter peak tailed off.

These fractions were not evaluated as above.
The elution pattern of 10 mg of M 12 30-60 from a 1.6 x 30 em
column of Sephadex G-100 equilibrated against 0.1 M NH
is shown in Fig. 6.

4

Hco3

0.1% in SDS

The ninhydrin color development pattern reveals

a peak with a Ve of 27 ml near v , followed by a peak of approximately
0
the same color development with a V of 40 ml.
e

peaks is then observed.

A series of nine sharp

These peaks collectively comprise a major

Fig. 4.

Representative elution record of M 12 30-60 from a Sephadex G-100 column equilibrated
with 0.1 M NH Hco • Column dimensions were 1.6 x 30.0 em.
4
3
hour. Sample load was 10.0 mg protein.

Flow rate was 7 ml per
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Fig. 5.

Sodium dodecyl sulfate polyacrylamide gel electrophoretic
analysis of M 12 30-60 fractions separated by gel filtration
on a Sephadex G-100 column equilibrated against 0.1 M
NH

4

Hco 3 .

Refer to the elution profile shown in Fig. 4.

Slot 4: fraction 4.

Slot 3: fractions 5 and 6 combined,

Slot 2: fraction 7.

Slot 1: fraction 8.

tained 100 ug of protein.

Each slot con-
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TABLE 4.

ULTRAVIOLET ANALYSIS OF H 12 30-60 FRACTIONS SEPARATED
BY GEL FILTRATION ON THE COLUMN OF SEPHADEX G-100
EQUILIBRATED WITH 0.1 M NH HC03 (SEE FIGo 4).

4

a
FRACTION

280/260 nm

260/280 nm

4

1.058

o. 945

5-6
7
8

1.072
0.882

0.932

a Waddell

o. 786

1.134
1.273

PROTEIN mg
1.80
6.67
0.49

0.19
9.15

Fig. 6.

Elution record of M 12 30-60 from a Sephadex G-100 column equilibrated with 0.1 M NH Hco
4
3
0.1% in SDS. Column dimensions were 1.6 x 30.0 em. Flow rate was 7 ml per hour. Sample
load was 10.0 mg. Fifty ul was removed from each fraction and reacted with ninhydrin after
alkaline hydrolysis.
III.

M-precipitating activity was present in pooled fractions I, II, and

POOLED FRACTIONS
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peak with a V of approximately 45 ml.
e

The V of this major peak is
e

the same as that of the major peak obtained when M 12 30-60 was applied
to the same column equilibrated against 0.1 M NH
4).

4

Hco 3

without SDS (Fig.

Precipitin lines of identity formed between fractions I, II, and

III when they were tested in immunodiffusion in agar against M 12
typing sera.

Fraction I contained the greatest antigenic activity

(giving a precipitin line in agar at one tenth the concentration required for fraction III to give the same line).
In gel filtration on a 1.6 x 60 em column of Sephadex G-50
equilibrated against 50% acetic acid M 12 30-60 eluted in a single
broad peak (Fig. 7).
this peak.

TheM activity was found in the leading edge of

Analysis of the M + fractions I, II, and III in SDS-PAGE

(Fig. 8) indicated that they were as heterogeneous as the starting
material.

Ultraviolet analysis of these fractions is shown in Table 5.

Immunodiffusion in agar versus type-specific antisera revealed
the M 12 30-60 preparation to have at least two and possibly three
antigenic components (Fig. 9).
the concentration of antigen
was 5 mm.

This pattern was apparent only when
used was 10 mg per ml, and the well size

When this preparation was tested at lower concentrations

in the 3 mm wells only one precipitin line was observed.

When unab-

sorbed antisera to whole streptococcal cells were tested against this
preparation in the 3 mm wells only two precipitin lines were observed.
These were shown to be due to group A activity and M activity.
The M 1, M 12, and M 29 proteins purified by fractional precipitation with ammonium sulfate were chromatographed on carboxymethyl
cellulose columns as described in the Materials and Methods section.

Fig. 7.

Elution record of M 12 30-60 from a 1.6 x 60 em Sephadex G-50 column equilibrated with 50%
acetic acid.

Sample load was 20.0 mg. M-precipitating activity was present in the leading

edge of the one broad peak.
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Fig. 8.

Sodium dodecyl sulfate polyacrylamide gel electrophoretic
analysis of the M 12 30-60 fraction separated by gel
filtration on a Sephadex G-50 column equilibrated against
50% acetic acid.
17-22.

Refer to Fig. 7.

Slot 8: pooled fractions

Slot 7: pooled fractions 23-25.

fractions 26-27.

Slot 5: pooled fractions 28-31.

pooled fractions 32-40.

Slot 4:

Slot 3: pooled fractions 41-45.

Slot 2: pooled fractions 46-60.
comparison).

Slot 6: pooled

Slot 1: M 12 30-60 (for

1

2

3

4

5

6

7

8_
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-25 K
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TABLE 5.

ULTRAVIOLET ANALYSIS OF M 12 30-60 FRACTIONS SEP.~'L<\TED
ON THE COLUMN OF SEPHADEX G-50 EQUILIBRATED WITH SO%
ACETIC ACID (SEE FIG. 7).

a
FRACTION
17-22
23-25
26-27
28-31
32-40
41-45
46-60

280/260
0.791
0.778
0.874
0.936
0.934
0.860
0.829

nm

260/280
1.264
1.285
1.144
1.067
1.070
1.160
1.207

nm

PROTEIN mg
2.0
2.9
2.8
5.1

7.9
2.2
4.2
27.1 r

a Waddell

r Twenty

mg protein had been applied to the G-50 column. The
apparently greater amount recovered could possibly be explained
by the greater ultraviolet absorbing capacity of this material
(if some aggregates were indeed broken up). The other possibility
is that a residual amount of acetic acid interfered with the
assay. (The lyophilized fractions 1·1ere redissolved in 0.1 M NH4Hco 3
and relyophilized three times to preclude this possibility, but
a small amount of acetic acid may have remained.)

Fig. 9.

Double diffusion in agar.

Antigens were dissolved in 0.1 M NH4Hco 3 to give a concentration

of 10.0 mg per ml.
Well
A
B

c

D
E

Antisera
CDC anti M 12 typing serum
CDC anti group A
Anti M 12 TCA
Anti M 12 TCA'l':
Anti M 12 cell walls *

Well
1

2
3
4
5

6

The plate was read at 6, 12, 18, 24, 36, and 48 hours.

Antigens
M 12 30-60
M 12 TCA
M 12 DEAE IliA
M 12 DEAE IIIB
EM M 12 sen
EM M 12 (pooled
fractions 71-78 from
the G-200 column)

This photograph was taken at 48 hours.
-....j

~(

These sera were kindly provided by Dr. Lange.

~
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The elution profile of M 12 30-60 from a eM-cellulose column is shown
in Fig. 10. Immunodiffusion in agar versus type-specific antisera indicated that all six fractions collected contained M-precipitating
activity

and were immunologically identical.

The M 12 30-60 prepara-

tion was also chromatographed on a column of DEAE-cellulose as described above (Fig. 11).

Six fractions were collected, all of which

gave reactions of identity with each other in immunodiffusion in agar
versus type-specific antisera.

The greatest amount of protein was re-

covered in the first fraction collected (M 12 DEAE I).

Fraction IV

off of the DEAE-cellulose column and fraction V off of the eM-cellulose
column contained the greatest M-precipitating activity.

This was on

the average an order of magnitude greater than the M 30-60 preparations.
Solutions of these M-proteins at concentrations of 0.1 mg per ml or
less gave precipitin lines in agar versus the homologous typing sera.
Trace amounts of group A activity not removed by fractional precipitation with ammonium sulfate eluted in the first fractions off of the
ion exchange columns.
The rechromatography of M 12 30-60 DEAE I on a CM-cellulose
column yielded six fractions, all of which exhibited reactions of
identity with each other versus type-specific antisera.

Group A activ-

ity was found in the first two fractions.
Analysis of cellulose purified proteins by straight PAGE at pH
8.3 revealed many bands not observed in the M 30-60 preparations.

The

multiple banding pattern of M 12 CMe-v is apparent in the center gel
in Fig. 12.

The analysis of cellulose purified M 12 proteins in

SDS-PAGE is shown in Fig. 13.

These fractions were all polydisperse.

Fig. 10.

Carboxymethyl cellulose column chromatography of 35.o mg of M 12 30-60.

The sample

was dissolved in 0.1 M sodium acetate buffer, pH 4.0, and applied to a 1.5 x 30 em
column of CM cellulose equilibrated against this same buffer.

The sample was eluted

in a stepwise fashion (sodium acetate and phosphate buffers of increasing pH and
constant molarity).
in all six fractions.

Six fractions were collected.

M-precipitating activity was found
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Fig. 11.

Diethylaminoethyl cellulose column chromatography of 480 mg M 12 30-60.

The sample was

dissolved in 0.01 M sodium phosphate buffer, pH 7.75, and applied to a 2.5 x 50 em column
of DEAE cellulose equilibrated against this same buffer.

The sample was eluted in a

stepwise fashion (buffers of increasing molarity and decreasing pH) as described above.
Six fractions were collected. M-precipitating activity was found in all six fractions.
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Fig. 12.

Disc electrophoretic analysis at pH 8.3 of EM M 12 (tube
1), M 12 CMC-V (tube 2), and M 12 EtOH precipitated with
boiling 60% TCA (tube 3).

82

I

3

Fig. 13.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
of cellulose purified M 12 fractions.
CMC-II.

Slot 2: M 12 CMC-IV.

Slot 1: M 12 DEAE-I-

Slot 3: M 12 CMC-III.

Slot

CXl

w-

4: M 12 DEAE-IV.
II.

Slot 5: M 12 DEAE-III.

Slot 7: M 12 DEAE-I.

protein.

Slot 6: M 12 DEAE-

Each slot contained 100 ug of

1
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3

4
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The diffusion coefficient of M 12 DEAE IV was estimated to be
4.55 x 10-

7

2
cm /sec by the technic using antigen and antibody troughs

at right angles (Fig. 14).

This value corresponds to an effective

molecular size of 143,000.

All ammonium sulfate purified M-proteins

analysed by this method failed to give a precipitin line over a wide
range of concentrations.
B.

Trichloroacetic acid treated M-protein type 12.

Low yields

of TCA precipitated M-protein prompted the following investigation of
the method for the TCA precipitation of M-protein.
1.

Investigation of the TCA precipitation method for the

purification of H-protein.

The procedure follmved in this investigation

is outlined in Fig. 15 and described in detail above.
summarized in Table 6.

The results are

The amount of protein recovered in the original

represented only 2.8% of the starting material, while the total amount
of protein recovered represented 40.3% of the starting material.

In

immunidiffusion analysis in agar the original TCA precipitated material,
the supernatant after ether extraction, and the precipitate after ether
extraction all reacted with M 12 typing sera and snowed lines of identity with each other and with the original material (the combined M 12
fractions).

Results of disc electrophoretic studies at pH 8.3 indi-

cated that one main band migrated with the dye front in the gel of each
fraction.

Some trailing was apparent.

In gel filtration on a Sephadex

G-75 column equilibrated with 0.1 M NH Hco these fractions all dis3
4
played the same elution pattern.

A small ultraviolet absorbing peak

eluted at the void volume of the column followed followed by a symmetrical strong ultraviolet absorbing peak.

This latter peak was very

86

Fig. 14.

Immunodiffusion with antigen and antibody troughs at
right angles.

The antibody trough was filled with

specific anti M 12 typing serum.

The antigen trough

was filled with M 12 DEAE IV (15.0 mg per ml 0.1 M

NH Hco ).
4 3

00
""-1

ANTIBODY

88

Fig. 15.

Outline of the procedure for the investigation of the TCA
method for the purification of M-protein.

89

Combined M 12 extracts
Boiled in 60% TCA

I
SUPERNATANT

PRECIPITATE

I
Washed with ether,
suspended in deionized
water, dialysed against
deionized water and
lyophilized

Extracted with ether, centrifuged

PRECIPITATE

SUPERNATANT

Both the precipitate and the
supernatant were dialysed against
deioniz~d water and lyophilized.

90

TABLE 6.

SUMMARY OF THE RESULTS OF THE INVESTIGATION OF THE TCA
PRECIPITATION METHOD"
Protein mg

M 12 fractions
combined
TCA treated
original ppt.
TCA treated
ppt. after ether
extraction
TCA treated
supernatant after
ether extraction

280/260 nm

%

o. 947

6 7.4

1.9

o. 985

2.8

15.7

o. 900

23.3

9.6

0.891

11-J. .2
41.8

27.2

91
broad and tailed off.
2,

Trichloroacetic acid treatment.

M-protein does not pre-

cipitate after being boiled in 60% TCA as reported (Straus, Metha, and
Lange, 1974).

A solution of M 12 30-60 in 60% TCA is shown in Fig. 16A

after 20 min in a boiling water bath.

A negligable amount of protein

was collected by centrifugation of this solution.

Initial experiments

involved this precipitate, but the very low yield (less than 3% of
the pretreated material) prompted further investigation of this matter
(see above).

Subsequent to the investigation of the TCA method,

M-pro-

tein was treated with TCA, and all of the recoverable protein was collected (M TCA).
No hexose or hexoseamine was found to be present in these preparations.

Methylpentose was determined to be less than

A carbohydrate was not detectable immunologically.

0.5%~

and group

Nucleic acid con-

tamination was determined to be 2.6% by ultraviolet analysis (Table 7).
Ribonucleic acid contamination as determined by the orcinol reaction,
however, was shown to be less than 0.5%.

Results of amino acid analyses

(Table 8) show that glutamic acid, aspartic acid, valine, alanine, leucine, and glycine account for 66.3% of M 12 TCA.
alone comprise 32.8% of this preparation.
sent 7.9% of this preparation.

The acidic amino acids

The basic amino acids repre-

The hydrophobic amino acids comprise

45.7%, while the aromatic amino acids tyrosine and phenylalanine represent 4,5%.

In immunodiffusion in agar versus type-specific antisera

M 12 TCA showed a line of identity with two antigenic components in the
M 12 30-60 preparation (Fig. 9).
The M precipitating activity of M 12 TCA was slightly weaker

Fig. 16.

Treatment of M 12 30-60 with TCA.
and boiled for 20 min.

One g of M 12 30-60 was put into 94 ml of 60% TCA

A negligle amount of protein precipitated after this treatment (A).

A massive precipitate formed after extraction of the solution with ether (B).

TABLE 7.

NUCLEIC ACID DETERMINATIONS OF TCA TREATED M-PROTEIN TYPE 12

PREPARATIONS.~·~

260 nm

280 nm

260/280 nm

280/260 nm

mg protein/
mg nucleic acid

M 12 TCA

0.424

0.456

0.93

1.08

0.380/0.010

M 12 TCA
DEAE IliA
(Batch A)

0.253

0.266

0.95

1.05

0.217/0.006

M 12 TCA
DEAE IliA
(Batch B)

0.236

0.241

0.98

1.02

o.192 I o. 006

Preearation

M 12 TCA
DEAE IIIB
(Batch A)

0.480

0.500

0.96

1.04

0.405/0.012

M 12 TCA
DEAE III
(Batch B)

0.590

0. 590

1. 00

1.00

0.460/0.016

o.J~

1..0
.P-

TheBe valueB are calculated based on the extinction coefficients for enolase and nucleic
acid,

TABLE 8.

AMINO ACID COMPOSITION OF THREE M-PROTEIN TYPE 12 PREPARATIONS
PURIFmD BY FRACTIONAL PRECIPITATION WITH AMMONIUM SULFATE AND
SUBSEQUENT HOT TCA TREATMENT (in ~oles per 100 ~oles of protein).

Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine

methionine
isoleucine
leucine
tyrosine
ehanylnlantng

Batch A
5.78
0.26
2.63
0.56
15.19
6.36
3.87
18.50
2.17
5.62
9.28
9.98
0.55
6,24

Batch B
5.21
0. 79
2.35
0.49
14.34
6.22
6. 77
17.95
1. 92
7.79
7.36
9.40
0.15
6.53

Batch c
5.41
0.50
2.21
0.30
15.28
6.39
4.83
17.16
2.02
8.12
9.44
8.50
0.35
6.61
8,45

8.47

8.09

1,63

1.70

1,63

2.90

2.94

2.78

1.0
1..11
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than that of M 12 30-60.

Hhereas a 1.0 mg per ml solution of N 12 30-60

gave a precipitin line in immunodiffusion in agar versus type-specific
antisera, a 2.0 mg per ml solution of M 12 TCA was required to give a
precipitin line versus the same antisera.

M 12 TCA exhibited a greater

anodal mobility than the M 12 30-60 preparation in IEP analysis (Fig.
17).

The elution profile of this preparation from the Waters I-125

column revealed one main peak in the 28,000 molecular weight range
(Fig. 3B).

Trichloroacetic acid treated M-proteins exhibited fewer bands

in the Laemmli SDS-PAGE system than the parent M 30-60 preparations.
The banding patterns of M 12 30-60 and M 12 TCA are shown in Fig. 18.
At least 14 distinct bands were present in the

former~

whereas the lat-

ter exhibited only 4 or 5 bands, one of which was very faintly staining
and migrating faster than the dye front.

Smearing, or

banding pattern of M 12 TCA, however, was noted.
due to protein concentration.

trailing~

in the

This smearing was not

'\Then less protein -.;vas electrophoresed the

smearing was still observed, but it was fainter.

A greater amount of

smearing was observed in the M 25 TCA banding pattern (not shm-m).

~en

SDS-PAGE was run without reducing agent or in the presence of 8 M urea
no change in the banding pattern of M 12 30-60 or M t2 1CA was noted
(also not shown).
Since all data previously collected indicated that TCA treated
M-proteins were homogeneous, the observed heterogeneity in the SDS-PAGE
system employed was questioned.

Consideration was given to the possi-

bility that these results were artifactual.

Therefore, the TCA treated

M-proteins were characterized by another method of stra[ght PAGE at pH
4,0 (cationic PAGE).

These experiments \vere done to [nsure that the

97

fig. 17.

Immunoelectrophoretic analysis of N 12 30-60 (1.,;el.l 1),
M 12 TCA (,,rell 2), e.nd norffic.l rabbit serum {,.;eLl 3)
for comparison.

M-protein concentrations used

10.0 mg per ml.

Trough A was filled with anti M 12

~ere

typing serum, and trough B we.s filled with antiserum
to group A carbohydrate.

Trough C was filled with

equine antiserum to v.'hole re.bbit serum.

Electrophor-

esis was run at pH 8.3 at 5 mA with the voltage kept
constant.

Note the greater e.nodal mobility of M 12

protein after it has been boiled in 60% TCA and the
absence of group A carbohydre.te in this preparation.
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+

Fig. 18.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis.
Slot 1: BSA.

Slot 2: Cytochrome C.

Slot 3: the pooled

fractions 15-23 of M 12 TCA collected after gel filtration
on G-100 (refer to Fig. 20).
M 12 30-60.

Slot 4: M 12 TCA.

Slot 6: Rabbit Ig G.

Slot 5:

Each slot contained 100

ug of M-protein or 25 ug of standard protein.
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TCA treated M-proteins were electrophoretically homogeneous.

As men-

tioned above, these preparations were electrophoretically homogeneous at pH 8.3.

The results showed that TCA treated M-proteins con-

tained at least four components (Fig. 19).

Hence an isolation prob-

lem still existed.
The observation of only four bands in cationic PAGE and five
bands in SDS-PAGE for M 12 TCA, however, indicated that the problem
might be feasible.

Preliminary experiments with M 12 TCA employing gel

filtration on a Sephadex G-100 column and ion exchange chromatography
on a DEAE-cellulose column were performed to determine whether or not
the constituents could be separated by these methodologies.
The elution profile of M 12 TCA from the G-100 column equilibrated against 0.1 M NH Hco is shown in Fig. 20.
3
4

A minor component

eluted at the void volume followed by a single symmetrical peak which
tailed off.

Fractions corresponding to the center of this latter peak

were pooled as indicated in the figure, lyophilized, and eyaluated.
This pooled material represented 62.3% of the protein applied to the
column.

The banding patterns of this material and M 12 TCA in SDS-PAGE

and PAGE at pH 8.3 were identical.
were also the same.

The 280/260 nm absorbance ratios

No real differences existed in the amino acid

positions of the pooled fractions (Table 9) and M 12

TCA

com-

(Table 8).

There did exist, however, a significant difference in the antigenicity
of the two preparations.

The pooled fractions from the G-100 column

required a protein concentration of 10 mg per ml to give a precipitin
line in immunodiffusion in agar versus type-specific antisera compared
to 2.0 mg per ml for M 12 TCA.

It was concluded that the Besired sep-

102

Fig. 19.

Cationic polyacrylamide gel electrophoresis (cationic PAGE).
Tube 1: Cohn fraction IV (170 ug).
Tubes 3 and 4: M 12 30-60 (1000 ug).
TCA (1000 ug).

Tube 2: H 12 TCA (200 ug).
Tubes 5 and 6:

M 12

103

Fig. 20.

Elution record of 10.0 mg of M 12 TCA from a 1.6 x 30 em column of Sephadex G-100 equilibrated against 0.1 M NH Hco •
4
3

Flow rate was 7 ml per hour.
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TABLE

9.

AMINO ACID COMPOS IT ION OF THE POOLED Ml2 TCA FRACTIONS FROM
THE SEPHADEX G-100 COLUMN (FIGURE 20) (in !J.moles per 100

1-1moles of protein).
Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
phenylalanine

5.32
0.28
2.07
0.30

15.35
6.36
4.86
17.48

1. 58
6.29
9.48
9.54

0.23
6.87

9.50
1.63
2,86
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arations could not be achieved on Sephadex G-100 and that it might be
more profitable to attempt ion exchange chromatography.
In a preliminary experiment utilizing two descending linear pH
gradients to elute a DEAE-cellulose column equilibrated initially with
0.1 M phosphate buffer pH 7.8 (see Naterials and Hethods) no significant amount of ultraviolet absorbing material eluted until the pH of
the eluting buffer reached 5.6.

At this pH a peak began eluting and

finished eluting at a pH below 4.0.

M 12 TCA DEAE II.

This material is referred to as

(The eluent up to the emergence of this peak is re-

ferred to as M 12 TCA DEAE I.)

The column was then washed with 0.2 M

phosphate buffer, pH 2.5, 0.5 M in NaCl.

The material eluted with this

buffer is referred to as M 12 TCA DEAE III.

All of the M-precipitating

activity was found to be present in this peak.
this preparation was diminished in comparison to

The antigenicity of
M

12

TCA

requiring a

concentration of 10 mg per ml to give a precipitin line in immunodiffusion
versus type-specific antisera.

Of the 12.0 mg of protein applied to the

column, 3.2 mg, or roughly 25%, were recovered in this third fraction.
Most importantly, M 12 TCA DEAE III appeared homogeneous in cationic
PAGE (Fig. 21), but in SDS-PAGE distinct, faintly staining bands were
observed throughout the length of the gel (Fig. 22).
At this point two large batches of M 12 TCA were fractionated
by DEAE-cellulose column chromatography.

A stepwise pH gradient was

used to elute the columns utilizing information from the preliminary
experiment described above (see Materials and Methods).

Unexpectedly,

H-precipitating activity was found to be present in the second fractions
collected from the columns (M 12 DEAE IIA) as well as in the third frac-
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Fig. 21.

Cationic polyacrylamide gel electrophoresis (cationic
PAGE) of M 12 TCA DEAE II (tube 2), M 12 TCA DEAE III (tube

4), M 12 30-60 (tube 5), M 12 TCA (tube 6), and bovine
serum albumin (Cohn fraction V) (tube 1) for comparison.
This print was over developed to enhance the faint
staining bands in gels 2 and 4.
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Fig. 22.

Sodium dodecyl

sul~ate

Slot 2: M 12 TCA.

polyacrylamide gel electrophoresis.

Slot 3: M 12 TCA DEAE II.

Fig.

22A.

Slot 4: M 12 TCA DEAE III.

Slot 1: M 12 30-60.
Note that this

print was over developed to enhance the very faint staining bands in slots 3 and 4.
Fig. 22B.

Slot 1: M 12 DEAE IIIB.

Slot 2: M 12 DEAE IliA.

The M 12 DEAE IIIB preparation

was not completely soluble in the SDS sample buffer; the mixture was put into the gel
pocket.

1L2
tions (M 12 DEAE IIIA).

The second fractions were then rechromato-

graphed in the same manner. Refer to Fig. 23.

The material obtained in

the third fraction in the rechromatography of M 12 TCA DEAE IIA is referred to as M 12 TCA DEAE IIIB.
The amino acid composition of M 12 DEAE IIIA and M 12 DEAE IIIB
differed significantly in their content of acidic and basic amino acids
(Table 10).

The acidic amino acids comprise a striking 37.8% of the

former compared to 30.8% of the latter.

The basic amino acids represent

3.9% of the total composition of the former compared to 9.1/, of the
latter.

The hydrophobic amino acids differ slightly comprising 43.9%

of the former compared to 46.6% of the latter.
acids in M 12 TCA,

The most abundant amino

glutamic acid, aspartic acid, valine, alanine, gly-

cine, and leucine are also the most prevalent in these fractions.
These account for 68.7% and and 66.7% of the former and latter respectively.

The M 12 DEAE IIIA and M 12 DEAE IIIB preparations also exhib-

ited different banding patterns in SDS-PAGE (Fig. 22B).

The former ex-

hibited one band that migrated at the dye front while the latter was
polydisperse.

These banding patterns differed from that of M 12 TCA

DEAE III obtained in the preliminary experiment (Figs. 22A and 22B).

In

cationic PAGE M 12 DEAE IIIB exhibited only one band while no bands
were observed in the gel of M 12 DEAE IIIA.

Reversal of the poles in

cationic PAGE revealed a component in the latter preparation that did
not enter the gel.

This component did not enter the gel when electro-

phoresis was performed with the poles reversed in the presence of 1%
of the nonionic detergent Emulphogene BC-720.

This component did enter

the gel when the cationic PAGE system was modified to allow the incor-
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Fig. 23.

Purification scheme for M 12 TCA cellulose purified
fractions.

114

M 12 cell walls

I
1
Hot acid extraction
I
precipitation with ammonium
RNase digestion

Fractional
sulfate
(Fraction precipitating between 30% and 6Cr'!o saturation)

I

TCA treatment
(Boiling in 60% trichloroacetic acid for 20 minutes)

DEAE

cellulose

IA

IIA

IIIA

.h

IB

IIB

IIIB

Used for
characterization

TABLE 10.

AMINO ACID COMPOSITION OF DEAE CELLULOSE COLUMN PURIFIED TCA
TREATED M 12 PROTEIN (in ~ales per 100 ~ales).*

Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
phenylalanine

DEAEIII A
Batch A
2.42
0.13
1.23
0.17
16.54
6.36
5.75
21.53
2.54
8.98
9.72
3.95
1.82
6.17
7.51
2.26
2.93

DEAE III A
Batch B
2.59
0.31
1.21
0.10
16.96
6.20
6.07
20.51
1.76
6.20
11.20
7.07
2.03
5.69
7.20
2.17
2.72

DEAE III B
Batch A
6.41
0.64
1.99
0.11
11.39
7.00
5.25
19.34
2.04
8.00
9.99
9.09
1.54
4.80
8.82
1.48
2.12

·kSee purification scheme in Figure 23.

DEAE III B
Batch B
6.50
0.60
2.11
0.09
11.42
6.73
5.26
19.41
1.98
8.12
10.05
9.10
1.60
5. 02
8.51
1.40
2.15

!---"
!---"
Vl
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poration of 0.1% SDS in the running and stacking gels as well as the
buffers, and electrophoresis was performed with the poles reversed
(Figs. 24A and 24B).

In Fig. 24A the run time was 55 min, and the one

broad band in the gel of M 12 DEAE IIIA is apparent.

When the run time

was extended to 4 h to maximize resolution this band appeared much
longer (Fig. 24B).

Both M 12 DEAE IIIA and M 12 DEAE IIIB exhibited

one band in PAGE at pH 8.3 which migrated at the dye front, and no
trailing was evident.
Results of SDS-PAGE in a 20% gel are shown in Fig. 25.

In this

system M 12 TCA exhibited one very broad band in the middle of the gel
and one distinct band slightly in back of the tracking dye.

This one

broad (or smeared) band did not change when lower protein concentrations
were electrophoresed.

It just appeared fainter.

The higher molecular

weight proteins apparent in the M 12 30-60 preparation are absent in
this preparation.

The M 12 TCA DEAE II pattern was very similiar to

that of M 12 TCA, but several additional bands at the top of the running
gel are apparent in this preparation.

Smearing was greatly reduced in

the pattern of M 12 TCA DEAE III, but it was still polydisperse.
Several bands at the top of the running gel were also apparent in this
pattern.
In Figs. 3B, 3C, and 3D the elution records of M 12 TCA, M 12
DEAE IliA, and M 12 DEAE IIIB from a Waters I-125 protein separation
column respectively are shown.

The component in the M 12 30-60 prepar-

ation eluted at the void volume appears to be greatly reduced in size
in the M 12 TCA preparation.

The area under this small peak is less

than 9% of the area under the large peak,

This component is not pre-

Fig. 24.

Cationic polyacrylamide gel electrophoresis performed in the presence of 0.1% SDS
with the poles reversed.
and 5: M 12 DEAE IliA.
min.

Fig. 24B.

Gel 1: lysozyme.

Fig. 24A.

Gel 2: M 12 30-60.

Gel 3: M 12 TCA.

Gels 1 and 6: lysozyme (for comparison).

Gel 2: M 12 30-60.

Gel 3: M 12 TCA.

Gel 6: EM M 12 SCIII.

Gels 4

Run time was 55

Gels 4 and 5: M 12 DEAE IliA.

Run time was 4 h.

It is apparent that

the SDS prevented aggregation and allowed the M 12 DEAE IliA to enter the gel.

1

2

3

4

5

6

1

+

A

B

2

3

L!

5

6
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Fig. 25.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(T equals 20% and C equals 2.6%).
IV.

Slot 2:

Slot 4:
30-60.

Rabbit Ig G.

M 12 TCA DEAE II.

Slot 3: }f 12 TCA DEAE III.
Slot 5: M 12 TCA.

Slot 7: Cytochrome C.

Slot 9: M 25 TCA.

Slot 1: Cohn fraction

Slot 6: M 12

Slot 8: Cohn fraction V.

Each slot contained 100 ug of M-protein

or 25 ug of standard protein.
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sent in the M 12 DEAE IliA preparation.

A large symmetrical peak with

a retention time of 4.1 min is apparent in the M 12 TCA and M 12 DEAE
IliA.

This retention time corresponds to an estimated molecular weight

of 28,000 daltons (compared to 32,000 daltons for the M 12 30-60 main
peak).

The elution profile changes significantly when the buffer em-

ployed has a pH of 4.0 (Fig. 26).
The high resolution two-dimensional electrophoretic analysis of
M 12 TCA is shown in Fig. 27.

Two long smears extending from the 25 K

range down to the dye front, one at a pi of 4.7 and the other at a pi
of 3.9, are apparent.

A series of five spots with pi's ranging from

5.3 to 4.4 are observed very near the dye front.

A second series of

spots with pi's in the range of 5.0 to 4.8 are apparent in the 14 K
range.

Two spots are also barely visible at a pi of 5.5 in the 90 K

range.

The long smear at along the bottom of the gel is background.
Rabbits immunized with M 12 TCA produced antisera that reacted

with M 12 30-60, M 12 TCA, M 12 DEAE IliA, M 12 TCA DEAE IIIB, EM M 12,
and pepsin extracted M 12 fractions.
identity

A single precipitin line of

between all of the above fractions was noted when they were

tested in immunodiffusion in agar versus these antisera.

Antisera

prepared against type 12 whole cells and type 12 cell walls exhibited
only one precipitin line in immunodiffusion in agar versus M 12 TCA.
No precipitin lines were observed in the L plate method when M 12 TCA
(in the concentration of 1 mg per ml to 35 mg per ml) was allowed to
react against type-specific antisera.
Calculations of the minimum molecular weights of M 12 DEAE IliA
and M 12 DEAE IIIB based upon amino acid composition data are shown in
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Fig. 26.

Elution profiles of M 12 DEAE IliA (A) and H 12 DEAE IIIB
(B) from the Waters HPLC I-125 protein separation
column at pH 4.0.
NH4+ •

The buffer employed was 0.1 M in

The pH was adjusted with acetic acid. Flow

rate was 2.0 ml per minute.

Load was 12

~g.

Note that

the elution profiles differ from those performed at
pH 7. 0 (Fig. 3).
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Fig. 27.

High resolution two-dimensional electrophoretic analysis of
M 12 TCA.

The sample was focused in a cylindrical gel

(first dimension) as described in the text.

This gel was

then laid on top of a SDS polyacrylamide slab gel and electrophoresed to form the second dimension.

800 ug.

Sample load was

..
8.05
7.78
7.27
6.70
6.12
5.83
5.39
4.95
4.45
4.00
3.86
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Tables 11 and 12 respectively.

These values varied a great deal de-

pending upon the amino acids that were used for the calculations.

It is

apparent in the tables that the ratios of the moles of amino acid residues to the moles of amino acid residue present in the lowest amount
do not approach integral numbers.

In Table 11 these calculations were

carried out using the mole ratios to the three amino acids arginine,
histidine, and methionine.

The corrected minimum molecular weights

also differed depending upon the mole ratios used in their calculations.
Values of 34,336, 8,967, and 5,310 were obtained using mole ratios to
histidine, arginine and methionine respectively.

In Table 12 only the

mole ratio to histidine was used.
C.

Nonionic detergent extracted M 12 protein.

Results of the

extraction of type 12 cell walls with the nonionic detergent BC-720 are
summarized in Tables 13 and 14.

The total amout of protein extracted

from the 130 g of cell walls represents 5.3% of the dry weight of the
cell walls.

After the fifth extraction the concentration of protein

in the extracts was not great enough to give a precipitin reaction with
type-specific antisera, but five more extractions were done to ensure
removal of the detergent extractable protein.

Complete removal of

M-protein from the cell walls was not accomplished after ten extractions.
This was evident from the fact that the detergent extracted walls gave
a precipitin line in immunodiffusion in agar versus type-specific antisera.

This precipitin line showed a reaction of identity with hot

acid extracted M 12 (Fig. 9). Type-specific antisera absorbed with hot
acid extracted M 12 did not react with nonionic detergent extracted
M 12 (EM M 12).

No precipitin lines were observed when normal rabbit

KEY TO TABLE 11.
A.

Grams of amino acid residue per 100 g protein.

B.

MMW.

c.

Moles of amino acid residue per 100 g protein.

D.

MR (methionine).

E.

CMMW

F.

MR (arginine).

G.

CMMW

H.

MR (histidine).

I.

CMMW

(using MR to methionine).

(using MR to arginine).

(using MR to histidine).

TABLE 11.

CALCULATION OF THE MINIMUM WEIGHT OF M 12 DEAE IliA BASED UPON THE AMINO ACID
COMPOSITION.

Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
phenylalanine

A
3.05
0. 39.
1. 74
0.09
18.02
5.79
4.87
24.45
1.57
3.26
7.35
6.46
2.46
5.94
7.52
3.27
3.70
100.00

-

B

4,184
34,860
8,966
104,040
638
1,744
1,784
528
6,155
1,744
966
1,531
5,319
1,902
1,502
4,982
3,973

c

D

0.0239
1.27
0.0029
(.15)
(.60)
0.0112
(. 05)
0.0010
8.34
0.1567
3.05
0.0573
2.98
0.0561
0.1896 10.09
(. 86)
0.0162
3.05
0.0574
5.51
0.1036
3.47
0.653
1.00
0.0188
2.80
0.0526
0.0666
3.54
0.0201
1.07
1.34
0.0252

E

5,314
5,229.
5,380
5,202
5,321
5,319
5,316
5,328
5,293
5,319
5,323
5,313
5,319
5,326
5,317
5,331
5,324
5.310

F

2.13
0.26
1.00
0.09
13.99
5.12
5.01
16.93
1.45
5.13
9.25
5.83
1.68
4.70

5.95
1. 79
2.25

G

8,912
9,064
8,966
9,364
8,926
8,929
8,938
8,939
8,925
8 '947
8,936
8,926
8,936
8,939
8,937
8,918
8,939
8,967

H

8.2
1.0
3.9
0.3
54.0
19.8
19.3
65.4
5.6
19.8
35.7
22.5
6.5
18.1
23.0
6.9
8.7

I

34,309
34,860
34,967
31,212
34,452
34,531
34,431
34,531
34,468
34,531
34,486
34,448
34,574
34,426
34,546
34,376
34.565
34.336

1-'
N
(;X)

TABLE 12.

CALCULATION OF THE MINIMUM MOLECULAR WEIGHT OF
M12 DEAE IIIB BASED UPON THE AMINO ACID COMPOSITION

Amino acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
me thion:f.ne
isoleucine
leucine
tyrosine
phenylalanine

B
1,675
16,914
5,398

0.0597
0.0059
0.0185

D
10.12
1.00
3.14

12.20
6.57
4.25
23.23
1.84
4.24
6.60
8.38
1.87
5.04
9.28
2.25
2.90

943
1,537
2,047
555
5,272
1,344
1,076
1,181
7,005
2,242
1,218
7,244
5,069

0.1061
0.0651
0.0489
0.1801
0.0190
0. 07!,4
0.0930
0.0846
0.0143
0.0446
0.0821
0.0138
0.0197

17.98
11.03
8.29
30.53
3.22
12.61
15.76
14.34
2.42
7.56
13.92
2.34
3.34

A.
B.

'M'MW.

D.

MR (histidine).

c.

c

A
7.64
0.81
2.89

Grams of amino acid residue per 100 g protein.
Moles of amino acid residue per 100 g protein.

f-'
N
\.0
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TABLE 13.

ONE PERCENT EMULPHOGENE BC-720 EXTRACT OF M 12 HALLS o*

Extraction
1st
2nd
3rd
4th
5th
6th
7th
8th, 9th, and
lOth extracts
combined.
Total for 10
extracts.

Volume
ml
985
1,471
1,336
935
955
1,230
1,797

Protein a
total mg
mg/ml
1,261
1.28
1.33
1, 956
1,376
1.03
711
o. 76
497
o. 52
332
0.27
288
0.16

4,299

0.10

13 1 008

429
6 1 850

z

*

880 g wet weight of cell walls were brought to a volume of
1,750 ml with deionized water and a SO ml aliquot was removed
and lyophilized to determine the dry weight of the cell walls.

a Protein was estimated by Lowry using a standard curve of BSA
dissolved in extracting solution.

r This number represents 5.3% of the dry weight of the cell
walls. The actual number is probably greater than this as
streptococcal wall proteins contain only a small amount of
the aromatic amino acids.

TABLE 14.

YIELD OF EM M 12 FRACTIONS FROM 130 GRAMS OF EM M 12 CELL WALLS.
Yield

Step

Procedure

1.

1% detergent extract

2.

Membrane partition
chromatography
SCI

sen

SCIII

3.

CM cellusose
chromatography
SCI

sen

SCIII

Volume
ml

895
1,281
13,000

Protein
mg/ml total mg
0.
6' 850

0.43
0.39

384.9
503.4

ND

ND

Wall

Protein
%

100

5,62
7.35

5.27

0.30
0.39

f-'

w

f3
f3
f3

f3
f3
f3

24.0
9.2
9.4

Sephadex G-100
)1,
)1,
2.9
SCI Fractions 65-86
)1,
)1,
6.5
SCI Fractions 89-92
1.4
SCII Fractions 21-27
t
t
)1,
5.1
t
SCII Fractions 28-35
ND
ND
SCIII
ex see Iable 13.
~ Material recovered the CM cellulose column was lyophilized and then dissolved
estimation of protein after Lowry.
Jl, Ninhydrin assay.
ND Not determined.

0.35
0.13
0.14

0,02
0.01
0.01

0.04
0.10

<0.01
<0.01

0.02
0.07

<0.01
<0.01

4.

in saline before

f-'
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sera were tested in immunodiffusion versus the detergent extracted
cell walls.
The three fractions collected by membrane partition chromatography of the nonionic detergent extract of type 12 cell walls and subsequent and subsequent eM-cellulose column chromatography are referred
to as EM M 12 SCI (retained by PM 30), EM M 12 SCII (passed through
PM 30 and retained by PM 10), and EM M 12 SCIII (passed through both
PM 30 and PM 10).

The elution profile of EM M 12 SCI from a Sephadex

G-100 column equilibrated against 0.1 M NH

4

Hco 3

is shown in Fig. 28.

Three strong ultraviolet absorbing peaks are apparent, one at the void
volume and two near the total volume of the column.
peaks eluted after v

0

and before Vt.

Two additional

These were very broad.

The nin-

hydrin reaction revealed a profile similiar to the scan at 280 nm.
Material in tubes 15 through 92 reacted with type-specific antisera
(Fig. 29).

It was apparent that at least three antigenic components

reacting with type-specific antisera were present in the detergent extract.

Spurred lines of partial identity between fractions 88 and 89

and 91 and 92 as well as the reaction of nonidentity between fraction
16 and the rest of the material reacting with the type-specific were
noted.

Material eluted in tubes 62 through 92 exhibited the greatest

antigenicity.

The V 's of the two weak ultraviolet absorbing peaks in
e

this range corresponded to molecular weights of 33,000 and 25,000
daltons respectively compared to the elution volumes of the standards.
Initially smaller fractions were collected and in this range minor
peaks are evident (tubes 64-84).

Results of SDS-PAGE indicated that

all of the fractions collected from the G-100 column were polydisperse

Fig. 28.

Elution profile of EM M 12 SCI from a 2.6 x 95.0 em column of Sephadex G-100 equilibrated
against 0.1 M NH4Hco 3 .
ml per hour.

The column was run in the upward direction at a flow rate of 9

A 50 ul aliquot was removed from each tube and reacted with ninhydrin after

alkaline hydrolysis. It was thought that the protein would elute over a much smaller
volume than

~ms

observed.

This exolains the smaller fractions collected initially.
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29.

Antigenic analysis of EM M 12 SCI fractions separated by gel filtration on a Sephadex G-100
column (see Fig. 27).

The troughs were filled with anti M 12 typing serum.

The antigen

wells were filled as follows:
Well

G
H

Fraction
16
17-20
21-30
31-50
51-61
62-65
66-70
71

I

72

s

J

73

T

Well
A
B

c
D
E

F

K
L
M
N
0
p

Q
R

Fraction
74-76
77
78
79-81
82
83
84
85
86
87

Well

u

v

w
X

y

z
a
b
c
d

Fraction
88
89
90
91
92
93
94
95
97
98

The plate was washed with saline and deionized water and then stained with the dye amido-

f-'

w

Vl

schwartz.
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(Fig. 30).

These results indicated that theM 12 +fractions contained

a continuum of different sized proteins ranging from very small peptides that migrated at the dye front to proteins in the 40,000 molecular weight range.

The amino acid composition of all of these fractions

appears similiar (Table 15), but minor differences occur throughout.
The acidic and basic amino acids represented approximately 26% and 11%
of the total composition of these fractions respectively.

The hydro-

phobic amino acids comprised greater than 50% of the composition.

No

hexoseamine was detected by amino acid analysis in any of these fractions.

Results of amino acid analyses

of the three unfractionated

size classes of the total detergent extract (Table 16) differed very
little from the results shown in Table 15.
The elution profile of EM M 12 SCII from the same Sephadex G-100
column is shown in Fig. 31.

The strong ultraviolet absorbing component

present in EM M 12 SCI that eluted at

v is absent in EM M 12 SCII in0

dicating that it was retained totally by the PM 30 membrane.

The elution

pattern is otherwise almost identical to that of EM M 12 SCI.

Fractions

15 through 34 precipitated with type-specific antisera.
The elution profile of EM M 12 from a Sephadex G-200 column
equilibrated against 0.1 M NH
peak eluted at v

0

4

Hco3

is shown in Fig. 32.

An M negative

followed by a single large M positive peak that fin-

ished eluting past Vt.

Antisera prepared against M 12 TCA reacted most

strongly with fractions 50 through 100.

Results of SDS-PAGE indicated

that all M positive fractions were polydisperse (Fig. 33).

Analysis of

these same fractions in SDS-PAGGE in a 7% to 30% gradient gel gave the
same results (Fig. 34).

The L plate method of immunodiffusion indicated

138

Fig. 30.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
of EM M 12 SCI fractions collected after gel filtration
on a Sephadex G-100 column (see Fig. 28).
tion 92.

Slot 2: Fraction 90.

Slot 4: Fraction 87.
tion 83.

1~

Frac-

Slot 3: Fraction 89.

Slot 5: Fraction 85.

Slot 7: Fraction 82.

Slot

Slot 6: Frac-

1

2

3

4

5

6

7

-67K
-SOK

-2SK

TABLE 15.

AMINO ACID COMPOSITION OF THE EM M 12 FRACTIONS COLLECTED AFTER GEL FILTRATION ON
SEPHADEX G-100 (see Fig. 28).

Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
Ehen~lalanine

62-65
8.76
1.39
2.91
0.73
11.87
6. 71
6.42
12.90
4.18
6.04
10.72
8.93

7.99
1.68
2.93
1. 09
13.21
6.64
5.54
14.04
1.87
4.39
6.04
7.22

4.97
9.06
1. 03
3.40

5.39
8.10
2.98
4.90

72

Fraction Number
84
74-76
79-81
9.65
8.43
8.67
2.29
1. 96
1.37
2.20
2.47
3.12
0.07
0.50
0.47
12.68
13.60
12.04
6.49
6.61
6.88
5.58
5.31
6.11
13.45
12.58
11.69
3.80
2.44
3.09
6.54
7.15
7.95
7.97
9.44
8.97
9.84
10.29
9.58
0.04
6.04
5. 70
5.66
7.82
7.15
7.10
2.00
1. 98
1. 08
3.58
4.26
3.66

89
8.11
0.96
3.98
0.46
13.03
7.17
5.22
11.87
2.13
6. 92
9.73
9.63
0.02
6. 02
9.73
1.86
3.17

90
8.39
0.83
2.82
0.14
14.65
6.73
5.03
12.21
3.13
8.44
8.41
7.65
0.17
6.30
9.85
2.24
3. 03

91
9.32
1. 32
3.21
13.94
6.25
5.57
11.53
2. 77
7. 08
8.84
7.85
5.90
9.67
2.60
3.82

92
9.20
0.61
2.88
0.22
14.55
5.76
6.26
13.77
2.33
6.60
9.22
7.75
0.20
5.49
8. 71
2.38
4. 06

1-'
~

0

TABLE 16.

AMINO ACID COMPOSITION OF THE THREE SIZE GRADED EM Ml2 PREPARATIONS (in IJ.IUOles per 100
protein).

Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
Ehen~lalanine

SCI
10.45
1.79
2.03
0.38
12.69
5.22
6.30
12.74
2.18
7. 55
10.25
7.97
6. 55
7.98
2.28
3.64

SCII
11.31
4.05
6.94
0.05
9.73
5.49
5.44
8. 77
4.04
11.98
9.30
8.13
0.85
5.19
5.18
1. 73
1.80

SCIII
9.84
1.60
3.54
0.04
13.92
6.03
6.50
10958
2.64
5.94
9.35
5.38
0.97
6. 96
10.25
2.85
3.60

~J.IDOles

1-'

~

1-'

Fig. 31.

Elution profile of EM M 12 SCII from a 2.6 x 95.0 em column of Sephadex G-100 equilibrated
against 0.1 M NH Hco 3 .
4
ml per hour.

The column was run in the upward direction at a flow rate of 9

A 50 ul aliquot was removed from each tube and reacted with ninhydrin after

alkaline hydrolysis.
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Fig. 32.

Elution profile of EM M 12 from a 1.6 x 90 em Sephadex G-200 column equilibrated against
0.1 M NH 4Hco 3 •

Load was 8.6 mg.

rate of 6 ml per hour.

The column was run in the upward direction at a flow

The volume of the first four fractions collected totalled 65 ml.

The remaining fractions collected were all approximately 1.3 ml.

A 50

~1

aliquot was

removed from fractions 55 through 130 and reacted with ninhydrin after alkaline hydrolysis.
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Fig. 33.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
of EM M 12 fractions collected after gel filtration on
the Sephadex G-200 column (see Fig. 32).
105.

Slot 2: Fraction 95.

Fraction 72.
Cytochrome C.

Slot 1: Fraction

Slot 3: Fraction 80.

Slot 5: Fraction 56.
Slot 8: Rabbit Ig G.

Slot 6: BSA.

Slot

l~:

Slot 7:

1

2

3

4

5

6

7

8

-67K
-50K
-25K

Fig. 34.

Sodium dodecyl sulfate polyacrylamide gradient gel
electrophoresis (SDS-PAGGE) of the EM M 12 fractions
collected after gel filtration on the Sephadex G-200
colmnn (see Fig. 31).
left.

Slots are numbered from the

Slot 1: fraction 105.

Slot 3: fraction 80.
fraction 56.

Slot 2: fraction 95.

Slot 4: fraction 72.

Slot 6: M 12 TCA.

Slot 5:

Slot 7: M 12 30-60.
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that the diffusion coefficient of EM M 12 in the pooled fractions 41
through 70 from the G-200 column was 8.26 x 10-

7

2
cm /sec which corre-

sponded to an effective molecular size of 25,000 daltons (Fig. 35).
Fractions 106 through 114 from this separation were pooled, lyophilized,
and reapplied to the same column in 1.0 ml of 0.1 M NH
mine if the V would change.
e

4

Hco 3

to deter-

The V of this material upon rechromatoge

raphy was 184.3 ml compared to the original 199.3 ml.

This change was

within the 10% limits of reproducibility of the technic, but a change
in V was at least suggested since reproducibility with molecular
e
weight standards was excellent (less than 0.5 ml variation from run
to run).

Sufficient material was not available to rechromatograph

pooled fractions 41-70, which should have exhibited a greater change in
V .
e

The high resolution two-dimensional electrophoretic analysis of

EM M 12 in the pooled fractions 41 through 70 is shown in Fig. 36.
Greater than 150 spots with pi's ranging from 7.8 down to 3.9 were
observed.

The apparent molecular weights of these proteins ranged from

greater than 100,000 down to much less than 13,700 (the spots migrating
with the dye front).

In the pi range 6.5 to 5.8 groups of three to

eleven spots are observed with the same Rf values in the SDS-PAGE dimension and different pi's.

One very large spot is present in the pi

range of 5.7 to 4.5 very near the dye front.

Spots cut from the two-

dimensional gel were reelectrophoresed in the SDS-PAGE system of
Laemmli and found to have the same Rf values.
D.

Pepsin extracted M 12 protein.

The nonionic detergent Ernul-

phogene BC-720 was unable to remove all of the M-protein from the M 12
walls.

After ten extractions with a 1% solution of this detergent the
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Fig. 35.

Immunodiffusion with antigen and antibody troughs at
right angles.

The antibody trough was filled with

specific anti M 12 typing serum.

The antigen trough

was filled with EM M 12 (pooled fractions 41-70 from
the G-200 column in Fig. 32).
was 5.0 mg per ml 0.1 M NH

Antigen concentration

Hco3 •

4

I-'
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Fig. 36.

High resolution two-dimensional electrophoretic analysis
of EM M 12 (pooled fractions
column).

41~70

Sample load was 800 ug.

from the Sephadex G-200
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7.27
6.70
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walls were shown to diffuse through agar and give a line with specific
typing serum.

They gave no line with normal rabbit serum.

The M-pro-

tein unextractable with this detergent was released from the cell walls
with pepsin at a suboptimal pH after Beachey, Campbell, and Ofek (1974).
The amino acid composition of this material is shown in Table
17.

It is apparent that the composition of this material is very sim-

ilar to the nonionic detergent extracted M 12 fractions.

Precipitating

M-acitvity was found in the material precipitating at 30% saturation
with ammonium sulfate as well as in the material precipitating between
30% and 60% saturation with ammonium sulfate.
contained the

The latter preparation

greater amount of M-precipitating activity as measured

in immunodiffusion (five to ten times more activity) and was chromatographed on (QAE)-Sephadex A 50.

Six fractions were collected, four of

which gave reactions of identity with hot acid extracted M 12 when
tested in immunodiffusion in agar against specific M 12 typing serum.
These fractions were all polydisperse in PAGE at pH 8.3.

No further

attempts were made to isolate a homogeneous M + fraction or to characterize this material.
II.

Peptide analyses of M-protein.
A.

Tryptic peptide analyses of M-protein types 1, 12, and 29 on

the Beckman Model 120 C Amino Acid Analyzer.

The analyses of M 12 30-60

and M 12 CMC-V showed 16 and 14 peaks respectively (Figs. 37A and 37B).
The peaks in the latter were more distinct than those in the former.
Besides these minor differences in the shape and number of peaks, the
the analyses were otherwise remarkably similar.

The analyses of all six

M 12 fractions collected from CM-cellulose column chromatography close-

TABLE 17.

AMINO ACID COMPOSITION OF THE PEPSIN EXTRACT OF EMULPHOGENE BC-720
EXTRACTED M 12 CELL WALLS (expressed in ~moles per 100 ~moles protein).

Amino Acid
lysine
histidine
arginine
cystine (1/2)
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
Ehenylalanine

6,94
1.86
4.14
0.11
12.32
6.76
5.39
13.40
2.53
8.58
8.62
7.58
2.08
5.58
8.37
2.50
3.25

1-'
V1

0\
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ly resembled that of M 12 CMC-V.
is shmm in Fig. 37C.

The analysis of M 12 DEAE-1-CHC-V

The more basic peaks apparent in the analyses of

M 12 30-60 and M 12 CMC-V are noticeably reduced in this preparation.
In addition, the acidic peaks are more pronounced.
The analyses of a hot acid extracted M 12 preparation purified
by precipitation with ethanol (M 12 EtOH) and the same preparation
precipitated with TCA (M 12 EtOH TCA) are shown in Fig. 38.

Sixteen

peaks eluted in the former compared to 10 peaks in the latter.

In the

latter analysis the more basic peptides were markedly reduced, and a
new peak eluting at 110 min was very pronounced.
The analyses of M 29 30-60 and M 29 CMC-V shown in Figs. 39A
and 39B each showed 12 peaks.

The peaks are split into minor components

in the former and are more distinctive in the latter.

Peptide analysis

of M 1 CMC-V revealed 9 peaks (Fig. 40) which were more distinct than
the peaks in the analysis of M 1 30-60 (not shmm).
Eleven peptides were resolved in the analysis of EM M 12.

The

elution pattern was suprisingly similar to the hot acid extracted Mproteins although differences are apparent.
B.

Tryptic peptide maps of the Et-1 M 12 fractions collected

from the Sephadex G-100 column on thin layer micropolyamide plates.
Peptide maps of the different sized EH M 12 fractions were compared.
The maps all appeared similar with only minor differences that may be
attributable to differences in the concentrations of various peptides.
Two representative maps are shown in Figs. 42A and 42B.
C.

Gel filtration of M-protein type 12 tryptic peptides on

Sephadex G-25.

The elution profiles of the tryptic peptides of M 12

158

Fig. 37.

Tryptic peptide analyses of 5.0 mg of M 12 30-60 (A)> M 12
CMC-V (B), and M 12 DEAE-I-CMC-V (C) performed on the
Beckman Model 120 C Automatic Amino Acid Analyzer as described.

Lysine and ammonia were identified as markers.
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Fig. 38.

Tryptic peptide analyses of M 12 EtOH (A) and M 12 EtOH TCA
(B) performed on the Beckman Model 120 C Automatic Amino
Acid Analyzer as described.

161

162

Fig. 39.

Tryptic peptide analyses of M 29 30-60 (A) and M 29
CMC V (B) performed on the Beckman Model 120 C
Automatic Amino Acid Analyzer as described.
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Fig. 40.

Tryptic peptide analysis of M 1 CMC-V performed on the
Beckman Model 120 C Automatic Amino Acid Analyzer as
described.
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Fig. 41.

Tryptic peptide analysis of EM M 12 performed on the
Beckman Model 120 C Automatic Amino Acid Analyzer as
described.
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Fig.42.

Representative peptide maps of the dansylated tryptic
peptides of EM M 12 on thin layer micropolyamide
plates.

The map of pooled fractions 66-70 (A) col-

lected from the Sephadex G-100 column (Fig. 28) exexhibits a pattern of spots very similiar to that of
pooled fractions 79-81 (B).

All fractions collected

from this column exhibited very similiar patterns.
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30-60, M 12 TCA, and M 12 DEAE IliA from a 1.6 x 30 em column of Sephadex G-25 equilibrated with 0.1 M NH
and 43C.

4

Hco 3

are shown in Figs. 43A, 43B,

A large peak followed by a very small peak is apparent in each

of these profiles.

This large peak began eluting in fraction 4 and fin-

ished eluting by fraction 11 for the M 12 30-60 digest.

In the profiles

of M 12 TCA and M 12 DEAE IliA digests, however, this large peak began
eluting in fraction 5 and did not finish eluting until fraction 16.
The elution profiles of the tryptic digests of M 12 30-60, M 12
TCA, and M 12 DEAE IIIB from a 1.6 x 30 em of Sephadex G-25 equilibrated
with 50% acetic acid are shown in Figs. 44A, 44B, and 44C.

One peak

with a shoulder is present in the profiles of M 12 30-60 and M 12 TCA
digests.

It began eluting in fraction 3 and finished eluting by frac-

tion 7.

Two distinct peaks are present in the profile of theM 12 DEAE

IIIB digest.

The first, which has a shoulder, began eluting in fraction

4 and finished eluting by fraction 6.

The second peak began eluting in

fraction 6 and finished eluting by fraction 8.

There also appeared to

be a minor component eluting between these two major peaks.

The elution

profile of M 12 30-60 (undigested) from the same column is also shown
in Fig. 44D for comparison.
Tryptic digests of citraconylated M 12 30-60, M 12 TCA, and M 12
DEAE IliA (deblocked digests) were fractionated on the same Sephadex G-25
column described above (equilibrated against 50% acetic acid).
tion profiles are shown in Figs. 45A, 45B, and 45C.

The elu-

Digests of citra-

conylated M 12 30-60 and M 12 TCA generated very similar profiles with
two major peaks followed by a small peak.
tween the two major peaks.

A small peak also eluted be-

The elution volumes of the respective peaks

171

Fig. 43.

Elution profiles of the tryptic digests of 10.0 mg of M 12
30-60 (A), M 12 TCA (B), and M 12 DEAE IIIA (C) from a 1.6
x 30 em column of Sephadex G-25 equilibrated against 0.1 M

NH Hco •
4 3
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Fig. 44.

Elution profiles of the tryptic digests of 10.0 mg of M 12
30-60 (A), M 12 TCA (B), and M 12 DEAE IIIB (C) from a 1.6
x 30 em Sephadex G-25 column equilibrated with 50% acetic
acid.

The profile of M 12 30-60 (undigested) is shown (D)

for comparison.
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Fig. 45.

Elution profiles of the tryptic digests of 10.0 rog of
citraconylated M 12 30-60 (A), M 12 TCA (B), and M 12
DEAE IliA (C) from a 1.6 x 30 em Sephadex G-25 column
equilibrated against 50% acetic acid.
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in the two profiles are nearly identical.

The elution profile of the

citraconylated M 12 DEAE IliA tryptic digest is also very similar, but
the two minor peaks are more distinct.
D.

Gel filtration of M 12 tryptic peptides on a Waters Assoc-

iates I-125 HPLC column.

The 18 h tryptic digests of M 12 30-60, M 12

TCA, M 12 DEAE IliA, and M 12 DEAE IIIB were all found to elute from
the I-125 column in a fashion very similar to the respective undigested proteins.

In Figs. 46A and 46B the elution profiles of the M 12

30-60 tryptic digest is compared to that of the undigested protein.

In

Figs. 47A and 47B the behavior of M 12 DEAE IliA and that of the tryptic
digest of this protein on this column are compared.

The peaks occuring

in the separations of the tryptic digests have the same elution volumes
as the peaks in the separations of the undigested proteins.

The elution

profile of BSA tryptic peptides (generated after 120 min of digestion
of heat denatured BSA) from this column under the same conditions is
included to show how peptides of different sizes can be separated.

No

such separations were effected with the M-protein tryptic digests.
E.
HPLC column.

Tryptic peptide maps on the Waters Associates

c18

uBondapak

A comparison of the elution profiles of the tryptic digests

of 375 ug of M 12 TCA, M 12 DEAE IliA, and M 12 DEAE IIIB from the HPLC
reverse phase column, shown in Figs. 49A, 49B, and 49C respectively, reveal that these preparations are indeed different.

In Fig. 49A five

apolar peptides eluting at 2.4, 2.9, 3.4, 3.6, and 3.9 rnl as well as an
unresolved mixture of peptides eluting between 4 and 22 ml are observed.
In Figs. 49B and 49C several peaks were very large, and the tryptic digests of 50 ug of these proteins were therefore analysed (Figs. 49D and

178

Fig. 46.

Elution profiles of M 12

30~60

(50 ug) (A) and the tryptic

digest of this protein (30 ug) (B) from the Waters HPLC
1-125 column.

The buffer was 0.05 M phosphate, pH 7.0.

The flow rate was 2.0 rn1 per minute.
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Fig. 47.

Elution profiles of M 12 DEAE IliA (50 ug) (A) and the
tryptic digest of this protein (30 ug) (B) from the
Haters HPLC I-125 column.

Conditions lvere the same as

those described in the legend to Fig. 46.
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Fig. 48.

Elution profile of the tryptic digest of 30 ug of heat
denatured BSA from the Waters I-125 column under the
same conditions described in the legend to Fig. 46 (for
comparison).

183

0

2

4

6

MINUTES

8

10

12

184

Fig. 49.

Tryptic peptide profiles performed on the \.Ja ters HPLC
uBondapak (reverse phase)
~~ Hco

4

colu~1.

3 , 5% in acetonitrile.

minute.

The buffer was 0.1 M

The flow rate was 1.0 ml per

Profile A: M 12 TCA (375 ug).

DEAE IliA (375 ug).

Profile B: M 12

Profile C: H 12 DEAE IIIB (375 ug).

ProfileD: M 12 DEAE IliA (50 ug).
IIIB (50 ug).
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Profile F: H 12 30-60 (375 ug).
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49E).

In these profiles a peak at 2.2 ml is observed that is not seen

in Fig. 49A.

The predominant peaks in Fig. L19D at 2.9 and 3.8 ml are

observed in Fig. 49A but not in Fig. 49E.

Of the two predominant peaks

in Fig. 49E at 2.7 and 3.4 ml only the latter is also present
49A; neither peak is observed in Fig, 49D.

~1

Fig.

'Tiw profiles of the more

polar peptides eluting later are also different.

The profile of the

tryptic digest of 375 ug of M 12 30-60 is shown :tn Fig. 49F for compari-son.

Peaks eluting at 2.4 and 3.0 ml are common to the digests of M l?

TCA and M 12 30-60.

Many peaks also eluted with only slightly different

elution volumes in the two profiles.
F.

Reehromatography

on the I-12S column.

oX

pe<'l:_~~---~s0at~<:}_l.!:_<>_~ __!:he --~1::&-uB?D.<:l_ap~-~

Individual peaks from the tryptic peptide prof:iles

of M 12 30-60, M 12 TCA, M 12 DEAE IliA, and M 12 DEAE IIIB (2.0 to 2.5
mg sample loads) generated with the reverse phase column ,.,ere collected,
lyophilized, dissolved in 0.2 ml of 0.05 M phosphate buffer, pH 7.0,
and rechromatographed on the I-125 column in this buffer.

The results

showed that chromatography on the reverse phase column did not yield
isolated peptides.

In fact, the resultant elution profiles 1vere supris-

ingly similar to those of the digests of the entire proteins.

In Figs.

SOB, SOC, SOD, and 50E showing the rechromatography of the indicated
peaks obtained from the tryptic peptide profile of 2.0 mg of M 12 DEAE
IIIB (Fig. 50A) this point is illustrated.

Fig. SO.

A 2.0 mg sample of the tryptic digest of M 12 DEAE IIIB was chromatographed on the
Waters HPLC

~Bondapak

(reverse phase) column as described (A).

The indicated peaks

were lyophilized and dissolved in 0.2 ml 0.05 M phosphate buffer, pH 7.0, andrechromatographed on the Waters HPLC I-125 (gel filtration) column.
peak 6.

D: peak 18.

E: peak 24.

B: peak 2.

C:

The vertical bars intersecting the base line in

A represent 10 minute intervals while in B-E they represent 2 minute intervals.
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DISCUSSION

The ultimate goal of this lab is to isolate from streptococcal
M-proteins antigenic peptides free from antigens responsible for hyperimmune reactions in man.

Our approach included the comparison of pep-

tide maps of different M-proteins.

Peptides unique to a particular

type, it was thought, might be derived from the type-specific antigenic
site.

The use of immunoadsorbent columns prepared with type-specific

antisera could then be used to confirm the findings.

Peptide analyses

of M-digests passed over these columns compared with peptide analyses
of the total digests might reveal, by difference, peptides containing
the type-specific antigenic sites.

Unfortunately, when the approach

was initially outlined in this deceptively simple manner the associated
problems were not readily apparent.
only after work was initiated.

They appeared out of obscurity

The problem of type-specific antigenic

site density versus protein concentration, the possible occurrence of
artifacts in the physical methods used to characterize acid extracted
M-proteins, and (perhaps) the acid extraction and acid treatment procedures themselves are responsible for the confusion.

Eludicating the

nature of M-protein was thus the greatest problem encountered in the
initial stages of the work.
THE NATURE OF M-PROTEIN
The work undertaken in this dissertation was an extension of
the work of Straus and Lange.

Their studies on the importance of the

N-terminus of M-protein and the simplified TCA procedure for obtaining
homogeneous M-preparations were perhaps the most significant contribu-
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tions to the field since the work of Lancefield.

The results presented

here shed further light on the nature of M-protein and why it has
plagued investigators with a multitude of problems for decades.
are discussed with reference to Lange's concept of M-protein.

Data
The prob-

lem of the M-families might be understood more readily by a consideration of the three assumptions outlined in Figs. 51 and 52.
Lange envisioned M-families in a narrow molecular weight range,
approximately 23,000 to 30,000 daltons, heterogeneous as schematically
drawn under assumption one.
the following:

Evidence in support of this concept include

1.) N-terminal analyses of ammonium sulfate purified,

cellulose purified, and TCA purified proteins yield one amino acid, Lalanine (Straus and Lange, 1976).

2.) C-terminal analyses of these

proteins yield a whole variety of amino acids (Lange et al., 1969).

3.)

Multiple components in PAGE at pH 8.3 are observed, but all have been
shown to have M-precipitating activity (Straus and Lange, 1972).

4.) In

sedimentation analysis (Lange et al., 1969) and gel filtration on G-100
(Fig. 4) crude M fractions appear homogeneous.

5.) Tryptic peptide

analyses of three hot acid extracted M-proteins at various stages of
purification revealed no significant differences in the fractions obtained from any one M-type (Figs. 37, 39, and 40).

(The rationale in

the approach of using tryptic peptide analyses on the heterogeneous
M-families is summarized in the legend for Fig. 51.)

Straus and Lange

(1976) reported that TCA treatment of M-proteins resulted in preparations homogeneous in PAGE at pH 8.3, in the SDS-PAGE system of Hedges,
and on Sephadex G-200 columns exhibiting apparent molecular weights of
23,000 daltons in the SDS-PAGE system and on the Sephadex G-200 columns.
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Fig. 51.

Assumption one.

If assumption one is true the tryptic

digestion of M-protein families would be expected to generate eleven peptides (from M-protein as drawn hypothetically here).

Note that the different proteins would all

give the same nine or ten peptides if there were only one
N-terminus.
ones.

The varied peptides would be the C-terminal
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ASSUMPTION ONE
M-PROTEIN IS HETEROGENEOUS AS FOLLOWS:
N terminus
A----lll--a--l---a--a---l--l-------a------11---a---------------------A----111--a--l---a--a---l--1-------a------ll---a-------------------A----lll--a--l---a--a---l--l-------a------11---a-----------------A----lll--a--l---a--a---1--l-------a------ll---a---------------A----lll--a--1---a--a---l--l-------a------ll---a--------------

A----111--a--l---a--a---1--1-------a------11---a
A----111--a--l---a--a---1--1-------a------11--A----111--a--1---a--a---1--1-------a------11-

Some number of M-proteins, all 23,000 to 30,000 molecular weight; all
with the same N-terminal amino acid; the C-terminal amino acid is
variable.
A equals alanine (theN-terminus).
a equals arginine.
1 equals lysine.

1 0"
~.5

Yig. 52.

Assumptions two and three.

If assumption two is correct one

could expect about eight peptides to be tha same in the profiles of these proteins.
tides >:auld be different.

The varied N and C terminal pepPeptide Ii1aps on a "pure 11 band, two

bands, or three bands etc. should confirm either assumption
one or two since the number of unmatched peptides would
indicate which assumption is tl-ue.
three.

T'nese proteins

\o.7 ould

since they are all different.

NO\o.7

consider assumption

yield different peptide profiles
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ASSUMPTION TWO
H-PROTEIN IS HETEROGENEOUS AS FOLLOHS;
N-terminus
-------111--a--l---a--a---l--1-------a------11---a-------------------a
---lll--a--l---a--a---l--l-------a------11---a-------111--a--1---a--a---1--1-------a------11---a-11--a--1---a--a---1--1-------a------11---a--------------111--a--l---a--a---1--1-------a------ll---a-------------a--1---a--a---1--1-------a------11
Some number of M-proteins; both N and C-terminal amino acids vary for
each of these proteins.
a equals alanine.
1 equals lysine.

ASSUMPTION THREE
M-PROTEIN IS HETEROGENEOUS AS FOLLOHS:
N-terminus
A--1--------------a-------------a---1------a----ll------a---l----A-------a-------------11--------a-------a-----------11-----a-A--a-----------a----------1---------ll-------a-----a-------------A-----------a----------------aa--------ll-----a----------a--A--a---a-----------l---------------a---------11------------a
A----ll----------------a--------ll-------a---a----l---1------lSome number of M-proteins; all with the same N-terminal amino acid.
A equals alanine (the N-terminus).
a equals arginine.
1 equals lysine.
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The families of M-proteins were apparently cleaved to one size (their
smallest size of 23,000 daltons) by the TCA treatment.

This assertion

was supported by the recovery of less ammonia in the amino acid analyses
of the TCA treated proteins than in their respective untreated counterparts, indicating complete deamidation by TCA treatment.

7.) There-

sults of the HPLC analyses on the Waters I-125 protein separation column support the contention that TCA treatment cleaves the ammonium
sulfate purified proteins to a smaller size (Fig. 3).

Collectively,

these data lead to the formulation and proposing of assumption one.
The SDS-PAGE reported here do not support this assumption.

The

ammonium sulfate purified M-proteins were all polydisperse (Figs. 1 and
2) ranging from 33,000 to less than 10,000 daltons in apparent molecular weight.

In several of the ammonium sulfate purified fractions

larger proteins were observe.

The cellulose purified hot acid extracted

proteins also exhibited more than the two bands at 30,000 and 23,000
daltons reported by Straus and Lange (1976).

In both cases peptides

with apparent molecular weights much lower than 23,000 daltons predominated.

The disagreement of these data with those reported by Straus

undoubtedly can be accounted for by the different SDS-PAGE systems
used.

The system of Hedges, which is essentially that of Weber and

Osborne, has been superceded largely by other more highly resolving
systems such as the one employed here.

Unfortunately, Straus did not

include pictures of his SDS-gels which would have allowed for a comparison.

It is almost certain that the components could not be resolved

in the Hedges system and that many individual bands resolved in the
Laemmli system appeared as one broad band in the Hedges system.

The
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lower molecular weight material migrating at the dye front is not as
apparent in the cellulose purified proteins as in the ammonium sulfate
purified proteins, and Straus investigated only cellulose purified and
TCA treated proteins in this system.

The 1 mm thick slab gels employed

in this investigation and the 100 ug sample size allowed for the detection

of bands apparently not visible whwn even three times this sample

size was used in the disc gels employed by Straus and Lange (1976).
The SDS-PAGE analysis of the TCA treated M-proteins revealed a
marked reduction in banding pattern in comparison to the ammonium sulfate and cellulose purified proteins reconfirming the work of Straus et
al. (1974).

Unfortunately, the results do conflict with those of Straus

in that he reported TCA treated M-protein to have a molecular weight of
approximately 23,000 daltons in SDS-PAGE.

In the SDS-PAGE system of

Laemmli the TCA treated M-proteins investigated here all had apparent
molecular weights of approximately 10,000 daltons and below and exhibited several bands.

The lower molecular weight and heterogeneity of this

material was supported by the 20% acrylamide SDS-gel data (Fig. 25).
Whereas lysozyme and cytochrome C markers migrated only a short distance
from the stacking gel, the TCA treated M-proteins spread out over the
entire mid and lower range of this gel.

Note too the the obviously

very low molecular weight peptide at the bottom of this gel.
sult is very difficult to reconcile with assumption one.

This re-

The smearing

in this gel was not due to concentrations as a reduction of the amount
of protein applied to the gel only resulted in a fainter smear indicating that the smearing was real.

This smearing suggests the presence of

small peptides of various sizes generated by the harsh hot acid treat-
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ment.

Indeed, the very fact that the material in question 'vas soluble

in boiling 60% TCA cogently supports this contention and the validity
of the SDS-PAGE data.

In fact, TCA is often used to precipitate undi-

gested protein and larger peptides in proteolytic digests.

The same

arguements evoked above to explain the discrepencies in these data and
those of Straus must apply here.

Indeed, it is very important that as

many criteria as possible be applied to proteins to test their homageneity and chemical stability (Schmidt, 1933).
As mentioned above, gel filtration data also supported the first
assumption (in one respect).

The M 12 30-60 preparation eluted from

a Sephadex G-100 column in what appeared to be a single homogeneous
peak.

But this peak was very broad, and M activity eluted only in the

leading edge.
the H-activity.

The V of the entire peak was much greater than that of
e
In agreement with Fox (1968) the M activity actually

eluted only in a molecular weight range greater than 80,000.

(Molecular

sizing of hot acid extracted M-protein on Sephadex G-200 was not done.)
The elution of the M-activity in only the leading edge of the peak on
G-100 (Fig. 4) apparently shows 1.) that all of the material in the
M 12 30-60 preparation does not possess M-precipitating activity and
thus is not homogeneous in this respect and 2.) that M-protein behaves
differently on G-200 than on G-100 (Straus and Lange, 1976).

The

260/280 absorbance ratios of the former fractions off of this column
differ from the latter fractions off of the column and are another indication of heterogeneity (Table 4).

The greater 260/280 absorbance

ratios of the latter fractions off of the column are consistent with
the SDS-PAGE data indicating that these fractions are composed of
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smaller peptides.

Lange argues, however, that the number of type-spe-

cific antigenic sites on a molecule is critical and dictates whether or
not it will precipitate with type-specific antiserum.

Molecules with

only one antigenic site would not be expected to give a precipitin reaction (unless aggregation was involved).
another edge.

This arguernent, however, has

It would appear that if the type-specific antigenic sites

do indeed reside in the N-terminal region of M-protein, the portion of
the molecule entirely intact (assumption one), then no such differences
in the precipitating activity of the molecules would be expected.

In-

deed, all of the heterogeneity indicated by the analytical methods
may be real and may reflect different sized peptides generated from the
native M-protein (which is inherently heterogeneous) during the harsh
acid extraction.

It has been asserted that M-protein molecules have

large axial ratios in order to account for their behavior on Sephadex
(80,000 to 100,000 apparent molecular weight) (Fischetti et al., 1976;
and Siegel and Monty, 1966, quoted by Fischetti et al., 1969).

It may

be true that M-proteins do have a large axial ratio, but the very fact
that small peptides were present along with larger ones in the M +
fractions (Fig. 5) indicates aggregation is involved if the SDS-PAGE
data is to be believed, which is the issue.
The elution record of M 12 TCA from the G-100 column also supported assumption one in the same sense that only one major symmetrical
peak was observed (Fig. 20).

Again, however, M-activity was found in

the leading edge of the peak and the same questions

arise as above.

Now it could be argued, as alluded to above, that the molecules
eluting earlier from the G-100 columns differ only slightly from those
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coming off later.

At the same time the arguement that the SDS-gel data

presented here is artifactual could be invoked.
would still be tenable.

Assumption one, then,

Regarding the former arguernent, amino acid

analyses did not reveal a significant difference in composition of
the material eluting in the center of the peak in Fig. 20 and M 12 TCA.
In light of this result it would be fair and reasonable to consider
artifacts in the SDS-PAGE system of Laemmli.
In SDS-PAGE mobility is assumed to be a simple function of chain
length, i.e. molecular weight, but this can be true only if all variations in charge and shape are eliminated (Maddey, 1976).

Citing several

observed anomalies associated with this technic Maddey felt it necessary
to critically evaluate three assumptions that are generally made.
are:

These

1.) the total disruption of protein interactions; 2.) the binding

of detergent is constant per unit chain length

and independent of amino

acid sequence; the intrinsic charge on the protein is replaced by detergent sulfate groups; 3.) SDS-protein complexes must be of a constant
shape.

It has been observed as well as proven experimentally that these

assumptions are not always true.

Rao and Rao (1979) recently provided

an excellent example of a protein behaving anomalously in SDS-PAGE.
Despite certain limitations, however, the technic remains a powerful
analytical tool.

The important caveat is to consider the SDS-PAGE data

in light of other data and to be sure there is agreement.

The unusual

amino acid compositions of the acid extracted and TCA treated M-proteins
permit the formulation of several explanations for the SUS-PAGE data
consistent with assumption one.

The strikingly high acidic amino acid

content and the high hydrophobic amino acid content (Tables 3 and 8)
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would probably be responsible for such possible anomalies.
ulation, for example, would

One spec-

be that the intrinsic high negative charge

on the acid extracted and and TCA treated molecules is not damped by the
SDS and that this charge contributes to the mobility of these proteins
in SDS-PAGE.
A reevaluation of the apparent discrepencies in our data, however, indicate that the SDS-PAGE data should not be discounted.

It is

proposed that the apparent homogeneity in the following systems is artifactual due to strong charge effects

and or aggregation due to the high

content of acidic and hydrophobic amino acids as well as the moderate
content of basic amino acids:

PAGE at pH 8.3, analyltical HPLC on the

Waters I-125 protein separation column, gel filtration on Sephadex, and
sedimentation analysis.
band.

In PAGE at pH 8.3 M 12 TCA migrates as one

It may very well be, however, that several lower molecular pep-

tide constituents, all highly negatively charged, migrate very rapidly
towards the anode.

The critical point is that these peptides, being

so small, would be unaffected by the possible sieving effects of a 7%
polyacrylamide gel, which play a very important part in the separation
of larger proteins in this system.

Cationic PAGE, on the other hand,

resolves M 12 TCA into at least five components (the four observable in
the gel in Fig. 19 and the one component migrating toward the anode
[Fig. 24]).

The explanation offered is straight

fon~ard.

At pH 4.0,

in the titration range of the free carboxyl groups of glutamic and
aspartic acid, these groups are protonated (or at least protonated to
a much greater extent than at pH 8.3) and the strong charge effects
operating in the mid pH range are eliminated.

The fractionation of
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M 12 TCA by DEAE-cellulose chromatography is by itself proof, and
the cationic PAGE (Fig. 21) and amino acid analysis data (Table 10)
confirm this separation.

The t\·m-dimensional electrophoretic analysis

of M 12 TCA agrees with the cationic PAGE data.
Recently, Manjula and Fischetti (1980b) pointed out that hydrophobic amino acids orientated to the outside of coiled (alpha helical)
M-proteins may be responsible for intermolecular associations.

This

suggestion, which is based upon observed similarities in the primary
structures of M-proteins and tropomyosin, is consistent with data presented here.

The high content of acidic and moderate content of basic

amino acids as well as the high content of hydrophobic amino acids,
furthermore, suggest that aggregation could account for the behavior
of these peptides on Sephadex, the HPLC protein separation column, and
sedimentation analysis.

(It is critical that the differences in all of

the various fractions be kept in mind.

The detergent extracted mole-

cules differ greatly from the hot acid extracted molecules and even
drastically from the TCA treated molecules.

Indeed~

this is one of the

conclusions of this work.)
The two-dimensional electrophoretic analysis of EM M 12 also
argues stronly for aggregation.

The EM M 12 sample analysed represented

material in the leading edge of the one peak EM M 12 showed on the elution profile from the G-200 column (Fig. 32) equilibrated against 0.1 M
NH Hco .
4
3

The occurrence of very high molecular weight components

(greater than 90,000 apparent molecular weight) and small peptides in
the same fraction off the column (Fig. 36) is best explained by an aggregation phenomenon.

The other obvious possibilities, the presence of
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proteases or transpeptidases in the DI H 12 preparation seem highly
unlikely.

In work \vith Emulphogene BC-720 extracted M 6 Fischetti

(1980) employed radiolabelling studies to investigate the former possibility.

He concluded that fragmentation during the extraction pro-

cedure could not account for the observed heterogeneity.

In this work

bands were simply cut from the SDS polyacrylamide gels and reelectrophoresed under the same conditions.

The fact that each band exhibited

the same relative mobility upon reelectrophoresis argues against both
the former and the latter possibility.

Lange also obtained indirect

evidence for the absence of proteases associated with the cell walls
(unpublished).

No products of proteolytic digestion of the \valls could

be identified in the supernatant of a wall suspension after prolonged
standing.
The involvement of both ionic and hydrophobic interactions in
the aggregation phenomenon is also suggested by the gel filtration of
tryptic digests of M 12 30-60, H 12 TCA, and M 12 DEAE IliA

at a

neutral pH (Figs. 43A, 43B, and 43C) in that each entire digest eluted
in one peak.

When these digests were subjected to gel filtration on the

same column in 50% acetic acid several peaks were observed (Figs. 44A,
44B, and 44C).
teins

Furthermore, the elution patterns of the digested pro-

from the Waters HPLC I-125 column are nearly identical to those

of the undigested proteins (Figs. 46 and 47).

Collectively, the gel

filtration data convincingly support the proposed aggregation phenomenon.
Yet the question of assumption one remains.

Might it be possi-

ble that the anomalous behavior of these proteins in SDS-PAGE can be
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responsible for the difficulties encountered?

The tryptic peptide pro-

files of }1 12 DEAE IliA and M 12 DEAE IIIB are the particular data that
settle the issue (Fig. 49).

These profiles are different and confirm

absolutely the separations achieved by DEAE-cellulose column chromatography.

(Although these separations had been confirmed with cationic

PAGE, SDS-PAGE, and amino acid analysis data, confusion due to possible
artifacts in these systems had to be ruled out.)

The suggestion that

ammonium sulfate purified or TCA purified M-proteins can be used for
structural studies is thus proven to be invalid.

Furthermore, while

there was much to be said in favor of assumption one, the data to support it were incomplete and and in disagreement with data reported here,
and its acceptance in total is not warranted.

The differences in the

peptide profiles of M 12 DEAE IliA and M 12 DEAE IIIB confirm its inadequacy to explain the data.
Now assumption one was taken as the basic hypothesis in this
laboratory at the initiation of this study.

Yet the results presented

here could never have been orientated meaningfully solely within this
framework without the additional presupposition, implicit in Lange's
formulation of assumption one, that fractional precipitation with ammonium sulfate or TCA precipitation or TCA precipitation of the crude
hot acid extract alone sufficed to yield such M-families.

This presup-

position was proven untrue with the confirmation of at least two different protein constituents in TCA treated M 12.

These constituents, M 12

DEAE IliA and M 12 DEAE IIIB, are immunologically identical and may
represent two different M-families.

If pursuit of the hypothesis that

a physically heterogeneous population of M-proteins (all immunologically
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identical) is still indicated it then necessarily would involve H 12
DEAE IliA and M 12 DEAE IIIB and the corresponing preparations from
other M-types.
Both M 12 DEAE IliA and M 12 DEAE IIIB are homogeneous in PAGE
at pH 8.3, and M 12 DEAE IIIB is homogeneous in PAGE at pH 4.0.

(H 12

DEAE IliA migrated towards the anode at pH 4.0 and did not enter the gel
when the poles were reversed [indicating aggregation).)

The analyses of

the amino acid compositions of these proteins revealed that the ratios
of the moles of amino acids to the moles of the amino acid present in
the lm.;rest amount did not approach integral numbers.

These data on

M 12 DEAE IIIA and M 12 DEAE IIIB can be explained by an assumption one.
C-terminal differences would account for the amino acid analysis data.
The most important conclusion of this work is that the hot acid
extraction and hot TCA treatment of M-proteins alter the proteins in
such a way that interpretation of data becomes very difficult.

The very

interesting precise type of aggregation demonstrated upon rechromatography of the isolated peptides of M 12 TCA on the Waters l-125 column,
for example, may have some biological significance.

On

it may be an artifact due to the harsh acid treatments.

the other hand,
Such results

argue against the use of acid extracted and TCA treated M-proteins for
structural studies.

SUMMARY

Group A streptococcal M-proteins 1, 12, and 29 were extracted
from whole cells and cell walls with hot acid.

Purification was achieved

by fractional precipitation with ammonium sulfate and a subsequent ion
exchange chromatography on diethylaminoethyl and carboxymethyl cellulose
columns.

Six M+ fractions were collected for each type, all of which

exhibited reactions of identity with each other when reacted against
type-specific antisera from the Center for Disease Control in immunodiffusion in agar.
additional methods:

Streptococcal M-protein type 12 was obtained by two

1.) boiling the hot acid extracted protein in 60%

trichloroacetic acid (TCA) after fractional precipitation with ammonium
sulfate;

and 2.) ion exchange chromatography and gel filtration of a

nonionic detergent extract of washed cell walls.
It had been proposed previously that M-protein is actually a
family, a continuum of proteins ranging in molecular weight from 23,000
to 30,000 daltons with the only difference between each individual protein in a particular family being in the C-terminus.

Tryptic peptide

analyses of the various immunochemically identical fractions of these
proteins were undertaken on columns of Beckman PA-35 cation exchange
resin to determine if that which is collectively M-protein could be
used for structural studies.

Results indicated that there were no

appreciable differences in the peptide profiles of any of the fractions
obtained from one M-type extracted by the same procedure.
was consistent with what was proposed.
ever, did affect the profiles.

This result

The method of extraction, how-

A comparison of the profiles of differ-

ent M-types obtained by the same extraction and purification procedures
205
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revealed common peptides as well as peptides unique to each particular
type.

Peptides unique to a particular type might contain the type-spe-

cific antigenic sites, and peptides common to different serotypes may
contain non-type-specific antigenic sites responsible for hyperimroune
reactions to the.group A streptococci.
It also had been proposed previously that

precip~tation

of M-

protein with boiling 60% TCA caused complete deamidation of the proteins
and cleaved them at some uniform point, thus creating a homogeneous population of molecules.

The reported data in support of

are incomplete and not totally confirmable.
to_be soluble in boiling 60% TCA.

th~s

suggestion

First, M-proteiri was found

Second, although the TCA treated M-

proteins migrated as a single band in polyacrylamide gel electrophoresis
at pH 8.3 as reported, in sodium dodecyl sulfate polyacrylamide gel
electrophoresis these proteins were shown to be polydisperse and comprised mainly of smaller peptides--not a homogeneous band in the 23,000
molecular weight range as reported.

The fact that M-protein is soluble

in TCA, often used to precipitate proteins, supports this sodium dodecyl
sulfate polyacrylamide gel electrophoresis data.

Third, at least five

components were shown to be present in the TCA treated H 12 preparation
in cationic polyacrylamide gel electrophoresis at pH 4.0 (an analytical
system found to be particularly useful with hot acid extracted M-protein).
This observation was confirmed by an high resolution two-dimensional
electrophoretic analysis (isoelectric focusing in the first dimension
and sodium dodecyl sulfate polyacrylamide gel electrophoresis in the
second

d~mension).

Fourth, the TCA treated M 12 preparation eluted from

a Sephadex G-100 column in an apparently homogeneous peak, but the M
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precipitating activity was found only in the leading edge of this peak.
The hot acid treatment then, apparently did not yield homogeneous preparations.
Two constituents of the TCA treated M 12 preparation were isolated by diethylaminoethyl cellulose column chromatography and found to
be immunologically identical when reacted against M 12 typing serum in
immunodiffusion in agar.

One of these constituents, M 12 DEAE IIIB, was

found to migrate as a single band in polyacrylamide gel electrophoresis
at pH 8.3 and at pH 4.0.

The second

constituent~

M 12 DEAE lilA, ap-

peared homogeneous in polyacrylamide gel electrophoresis at pH 8.3 but
migrated towards the anode at pH 4.0.

The latter did not enter the

cationic gel when the poles were reversed.

Both M 12 DEAE liiA and M 12

DEAE IIIB exhibited a smeared banding pattern in sodium dodecyl sulfate
polyacrylamide gel electrophoresis in a very low molecular weight range.
The amino acid compositions of these two components were different and
confirmed the separation achieved by ion exchange cellulose chromatography.

Tryptic peptide analyses performed on a Waters

c18

uBondapak HPLC

column showed that these two components had peptides in common, but the
profiles were difinitely distinct.
A strong tendency for the acid extracted and acid treated molecules to aggregate was demonstrated with M 12 and is probably responsible for their elution pattern on Sephadex G-100 and the Waters I-125
HPLC protein separation column--two peaks for ammonium sulfate purified
M 12 and a single apparently homogeneous peak for TCA treated M 12.

A

strikingly high content of acidic and a moderate amount of basic amino
acids, as well as a high content of hydrophobic amino acids are probably
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responsible.

Most interestingly, tryptic digests of the acid treated

molecules eluted from a Waters I-125 column in the same manner as the
undigested proteins.

The apparent homogeneity of the TCA treated pro-

teins in polyacrylamide gel electrophoresis at pH 8.3 is probably due
to strong charge effects and the small size of the peptides generated
by the harsh treatment.

These peptides migrate at the dye front and

are probably not effected by molecular sieving at all in this system.
In polyacrylamide gel electrophoresis at pH 4.0 the carboxyl groups
of glutamic and aspartic acid are protonated to a great

extent~

and the

strong charge effects operating at pH 8.3 are overcome, allowing for
the separation of the constituents.

Collectively~

the results raise

new questions about the nature of M-protein and about the feasibility
of using acid extracted and acid treated M-protein for structural
studies.

M-proteins may be unique, however, and differ from most

proteins as exemplified by the properties observed.
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